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A New Approach to 
Infraspecific Categories 


URING the past few years the author 

has become increasingly concerned 
with the trend of modern systematic zo- 
ology toward the perpetuation of latinized 
names for extremely insignificant and 
poorly delimited population categories. 
His views on this subject, with proposals 
for alleviating the situation before it be- 
comes completely chaotic, were mimeo- 
graphed in 1952 and copies were mailed 
to most of the leading systematists and 
geneticists in the United States. The com- 
ments received in answer were varied, but 
there was almost unanimous agreement 
that present practices are not ideal and 
that it is high time for a serious recon- 
sideration of the principles of infraspecific 
nomenclature. 

The gravest danger in the present sys- 
tem of zoological nomenclature is the 
potential accumulation of tremendous 
quantities of relatively unimportant sub- 
species names, all (under present rules) 
being governed by the Law of Priority. 
Ornithologists and mammalogists deal 
with relatively small numbers of species, 
each of which is comparatively well 
known, and thus can avoid the tremen- 
dous difficulties with which students of 
invertebrates will be confronted if present 
concepts of the subspecies category con- 
tinue to be adhered to. Many subspecies 
today may be recognized only if a random 
sample of the subspecies is collected and 
the data concerning it are treated statis- 
tically. Consequently, many variants oc- 
curring in two adjacent subspecies of this 
sort may actually resemble members of 
the wrong subspecies more closely than 
they do other members of their own sub- 
species! What justification can there be 
for establishing authorship, synonyms, 
homonyms, and the like, for such ill-de- 
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fined populations or groups of popula- 
tions? The future seems menacing for 
invertebrate zoology if such minor cate- 
gories are always to be accorded latinized 
names, subject to the Law of Priority. To 
prevent confusion from overwhelming our 
nomenclatural machinery should be a task 
of vital urgency to all zoologists. No 
wonder there are widespread murmurings 
of discontent and alarm as systematists 
(and especially practical zoologists and 
teachers) observe the rapid disintegration 
of infraspecific taxonomy from an orderly 
regime toward chaotic proliferation! 
This attitude may have been responsible 
for a recent article by Wilson and Brown 
(1953) which presents an excellent dis- 
cussion of many aspects of the present 
subspecies concept. These men suggest 
altering the current unhealthy situation 
by depriving subspecies names of the pro- 
tection of the Law of Priority, stating 
that “. . . we shall soon begin to observe 
the withering of the trinominal and its 
cumbersome appurtenances—the types, 
the tinted labels, the ponderous subspecies 
lists gravely entered in a thousand cata- 
logues, the awkward labelling of masses 
of ‘intergrade’ specimens, and all of the 
other procedural details that so unneces- 
sarily consume the few effective working 
hours a modern taxonomist has.” Such 
action would be unfortunate, because 
many such subspecies are known to be 
so effectively isolated by extrinsic factors 
that they possess distinct and immediate 
evolutionary propensities and may become 
distinct species within a few centuries or 
even decades. Certainly such potential 
incipient species deserve permanent rec- 
ognition in literature, and perhaps it was 
the recognition of the existence of this 
sort of deme which caused the term “sub- 
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species” to be considered worth while in 
the first place. Unfortunately, infraspe- 
cific categories have not yet been con- 
cisely and logically defined, and the result 
of this oversight is that the categories 
have become increasingly unwieldy and 
ridiculous, owing to growth by accretions 
and modifications. We are confronted 
with the problem of altering our pres- 
ent terminology to fit situations which 
were not fully realized at the time of 
inception of the terms. The present paper 
is intended to be a gesture in the direction 
of retarding the undesirable trend toward 
taxonomic chaos below the species level. 

The author feels that the best method 
of avoiding an eventual absurd taxonomic 
situation is to recognize only truly dis- 
tinctive allopatric populations as “sub- 
species” and reduce the vague, somewhat 
sympatric, interbreeding populations to 
a lower rank. Systematic purposes would 
be served just as well by recognition of 
these slightly sympatric local varieties as 
“forms,” “natios,” or “morphs” (without 
taxonomic priority) as by considering 
them “subspecies” with latinized trinom- 
inals governed by the Law of Priority. 
No disadvantages would accrue from the 
first of these alternatives (except loss of 
publicity for describers of “subspecies” of 
the present obscure status), and tremen- 
dous reduction of future confusion must 
surely ensue if this change in our termi- 
nology were made. With the possible ex- 
ception of asexually reproducing forms 
of animals, comparable kinds of popula- 
tions occur throughout the animal king- 
dom. Among insects, almost every situa- 
tion seems to occur which exists in 
populations of other sorts of animals, 
hence the systematics involved in a study 
of entomology would appear to be a logical 
foundation for the establishment of uni- 
versal nomenclatural procedures in zool- 
ogy. All other kinds of animal populations 
will fit into a systematic framework based 
upon relationships between insect popu- 
lations. Ferris (1928) has rather thor- 
oughly discussed entomological system- 
atics, and his work is still extremely 
useful to all systematists. The definitions 


and suggestions which follow apply pri- 
marily to insects, but the firm belief is 
held that they apply equally well to nearly 
every other kind of animal population. 
Rather than establishing special systems 
of nomenclature for birds, insects, mam- 
mals, fishes, spiders, and so on, why can- 
not we treat all animals (except possibly 
those in which reproduction is always 
asexual) according to a uniform system? 

Grateful appreciation is extended to the 
dozens of systematists who read the origi- 
nal manuscript of this paper and offered 
constructive criticism and valuable ad- 
vice. The list of contributors to this cause 
is so lengthy that it is impractical to in- 
clude it here; however, when some portion 
of the discussion is directly attributable 
to one of these men, appropriate recogni- 
tion has been accorded that person in the 
text. In addition to voluminous corre- 
spondence on the subject, this topic was 
presented by the author in biological 
seminars at the University of California 
(Berkeley), the University of San Fran- 
cisco, and San Jose State College, Cali- 
fornia; and Dr. Ross H. Arnett, Jr. read 
portions of the manuscript at a seminar 
of zoologists at the U. S. National Museum 
early in 1953. The discussions following 
these seminars were valuable in pointing 
out certain weaknesses of the work and 
in helping to consolidate ideas on the 
subject of infraspecific classification. It 
should be understood that none of the 
authorities cited have agreed with the 
following article in its entirety, and that 
the responsibility for these suggestions 
rests primarily with the writer. Whether 
these discussions and the proposed solu- 
tions meet with general approval or not 
is unimportant, if only there is a resultant 
awakening of interest in the subject and 
an increase in the consideration of meth- 
ods which might reduce the present de- 
gree of ambiguity in the nomenclature of 
systematic zoology. 


Difficulties in Categorizing Populations 


Populations of animals become gradu- 
ally more and more isolated genetically 
and (consequently ) reproductively as they 
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develop from infrasubspecific taxa‘ into 
subspecies, or from subspecies into dis- 
tinct species. Unfortunately, some popu- 
lations defy inclusion within any recog- 
nized category for the simple reason that 
they represent transitional developmental 
stages between certain of these distinct 
categories. Thus one cause of our ina- 
bility to determine correctly the taxo- 
nomic status of a population of animals 
is the failure of dynamic populations to 
conform to relatively inflexible category 
concepts during all stages of their evolu- 
tion. A more troublesome difficulty for 
present-day zoologists, however, is the 
lack of suitable definitions of the cate- 
gories involved. It seems incredible that 
so conscientious a group of scientists 
should fail to adopt uniform definitions 
with concrete meanings for all possible 
major categories of animals. Certainly 
the actual concepts of the various types of 
relationships between populations of ani- 
mals vary only slightly among specialists 
in the many branches of zoology, yet the 
categorical terms applied to the popula- 
tions vary tremendously. 

All competent zoologists recognize the 
function of past, present, or future isola- 
tion (spatial, temporal, and/or reproduc- 
tive) in altering one type of relationship 
between populations into quite a different 
sort of relationship between them. In 
spite of this relative uniformity of views 
regarding categorical concepts, there per- 
sists an annoying and confusing abun- 
dance of different terms which are applied 
to these categories, and the choice of 
terms usually reveals the specialty of the 
zoologist using them. For example, the 
ornithologist or lepidopterist customarily 
refers to partially or wholly allopatric 
populations which would freely inter- 
breed if they were entirely sympatric, as 
“races.” Corresponding categories of most 
insect populations are referred to as “geo- 
graphic subspecies.” Yet the terms are 
not mutually interchangeable, in the opin- 
ion of most zoologists, and the manner 


1 Botanists have long used this convenient 
term to mean “taxonomic categories.” The 
singular form is “taxon.” 


of referring to populations which are iso- 
lated by factors other than simple geo- 
graphic barriers is obscure and debatable. 
The meaning of “race” is usually intended 
to be the same as that of “geographic sub- 
species,” but ichthyologists and anthro- 
pologists often use the term in referring 
to local populations or population groups 
within a subspecies, while one prominent 
lepidopterist submits that a race may con- 
tain several subspecies. In many cases 
two populations are as distinct as most 
ornithological or entomological “subspe- 
cies,” but are prevented from interbreed- 
ing by microgeographic or physiological 
factors, even though they are sympatric 
in the broad sense of the word. These 
populations are very often referred to as 
“races,” but specialists in some branches 
of zoology are loathe to admit their ex- 
istence. Many scientists still refer to 
“varieties” of animals or plants, but this 
term has various meanings, hence it is 
probably only reliable in indicating the 
fact that a certain animal or plant is 
slightly different from its close relatives. 
Usually the “variety” is considered a 
synonym of the “individual variant” or 
“aberration” within a single population, 
but there are numerous examples of taxo- 
nomic work in which distinctive and more 
or less extrinsically isolated populations 
are referred to as “varieties” or “local 
varieties.” 

These non-standardized nomenclatural 
procedures have resulted in the terms be- 
coming extremely ambiguous, thereby de- 
priving us of any universally accepted 
names for infraspecific categories and 
variants. If every recognizable taxon be- 
low the rank of species were considered 
as a “subspecies” (which has been sug- 
gested by at least one rather prominent 
systematist) the entire system of zoolog- 
ical nomenclature would surely fail to 
fulfill the desired purpose of clarifying 
the phyletic positions of animals and en- 
abling us to deal intelligently with series 
of specimens in our collections as well 
as with populations of them in the field. 
Imagine the confusion which will result 
if future invertebrate zoologists find them- 
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selves confronted with millions of “sub- 
species” names in addition to the hun- 
dreds of thousands of names of distinct 
species already in their catalogues! Under 
present rules, most of these “subspecies” 
would not be isolated genetically from 
their neighbors and would therefore be 
in a constant state of genetic alteration, 
which would be influenced by the gene 
pools of these neighbors. Meanwhile zo- 
ologists might still be frantically describ- 
ing as new “subspecies” every minor 
population along the clines between any 
two previously recognized “subspecies.” 
Consider the fact that nearly 900,000 spe- 
cies of insects alone have already been 
described and that this number is prob- 
ably less than a sixth of the species in 
existence. Now recall the extreme varia- 
bility within most species of insects, which 
would enable an entomologist to describe 
dozens of “subspecies” (or “local varie- 
ties”) within almost every species. For 
a typical example of present systematic 
methods, consult the work of Setzer 
(1949) on subspeciation in the kangaroo 
rat, which illustrates the geographic 
ranges of thirty-five subspecies of Dipod- 
omys ordii Woodhouse, or shock the senses 
by studying the various publications deal- 
ing with “subspecies” of song sparrows 
in California, ten of which are recognized 
from the San Francisco Bay area by Grin- 
nell and Wythe (1927). Sibley (1950) 
recognized ten subspecies of the Towhee 
Pipilo erythrophthalmus and five of P. 
ocai in Mexico (including three “new 
subspecies’), but later (in 1952 address 
to seminar group) stated that he no 
longer considered them to be “subspe- 
cies.” (The names will all remain in our 
literature and files forever, nonetheless. ) 
Huntington (1952) has capably criticized 
the systematic treatment of eastern 
grackles, concluding that two of the four 
“subspecies” are merely “intermediate 
types which serve as milestones along a 
cline, but without discrete ranges as geo- 
graphical subspecies.” Here again the 
names have become a permanent liability 
to taxonomists, rather than being an asset, 


but under existing rules they must always 
plague us from the depths of synonymy, 

Since our concepts of the various types 
of populations (or demes) are so similar, 
why cannot uniform definitions be estab- 
lished which will be acceptable by the 
majority of systematists and adhered to 
by them in future publications? It seems 
to the author that the establishment of 
really distinct and applicable categorical 
terms for infraspecific use in zoology is 
dependent upon our insistence that cer- 
tain definite requirements be fulfilled by 
the populations involved. Before examin- 
ing a possible means of establishing rela- 
tively distinct lower limits for the subspe- 
cies category, let us examine the criteria 
recently utilized by zoologists for the 
separation of subspecies from one another. 


Present Methods of Subspecies 
Recognition 


In an effort to establish definite lower 
limits for this category, different systema- 
tists have proposed that various artificial 
and extremely arbitrary bounds be sancti- 
fied. It will no doubt amuse and amaze fu- 
ture systematists, when they look back over 
the work done by present-day zoologists, 
to find that many of the authorities be- 
lieve the number 75 is the magical panacea 
for our systematic troubles. These persons 
favor the “75 per cent rule,” but not all 
of them can agree on just what variation 
of the rule should be sacrosanct. Some 
feel that if 75 per cent of the members of 
a population (or an aggregate of popula- 
tions) can be definitely identified as be- 
longing to one deme and no other, then 
that deme is deserving of a subspecies 
name (hence 25 per cent of the individuals 
can apparently be like any of the mem- 
bers of other populations within the spe- 
cies). Other authorities are content to 
classify as subspecies all demes which 
have 75 per cent of their members dis- 
tinctly different from 75 per cent of other 
closely related “subspecies” (in other 


words, 75 per cent of 75 per cent, which 
means that only 56.25 per cent need ac- 
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tually be identifiable). This latter view- 
point is close to the beliefs of other 
systematists (called “splitters” ) who favor 
the “50 per cent rule,” stating that if more 
than 50 per cent of the specimens of a 
population are identifiable with certainty, 
that population deserves to be named as 
a subspecies and accorded a latinized tri- 
nominal with full rights under the Law of 
Priority. Presumably they would spurn 
a population which had only 49 per cent 
of its members identifiable and sentence 
it to oblivion rather than enshrining it 
in literature for all time, just because of 
the arbitrary 1 per cent difference (or 
because they happened to collect an un- 
favorable sample of the population for 

their studies). Another interesting ex- 
ample is mentioned by Wilson and Brown 
(1953) concerning the work of Austin 
(1952) on petrels of the North Pacific 
area. He chose to use the “84% from 
84% rule” originated by Simpson and Roe, 
giving as his reason for this choice of 
methods the fact that in his opinion “the 
97% from 97%” rule would be too strin- 
gent, since “Among petrels it is rare in- 
deed to find the means of any character 
separated by two standard deviations, 
allowing a 97% separation.” Then there 
is the school of extreme “lumpers’” who 
insist that all individuals of one subspe- 
cies must differ from all individuals of 
other subspecies. Slightly less extreme is 
the belief of some systematists that more 
than 97 per cent of the individuals of one 
subspecies (A) must be different from 
more than 97 per cent of subspecies B 
(assuming the standard deviations within 
the two subspecies to be approximately 
the same). Mayr, Linsley, and Usinger 
(1953) point out that this would mean no 
overlap at all in most cases, owing to the 
relatively small samples usually available 
to taxonomists, and they feel that this 
standard is unnecessarily high. These 
authorities would accept as a standard 
of subspecific separation the condition in 
which “75 per cent of population A be 
different from 97 per cent of population 
B,” and point out that “then about 90 per 


cent of the individuals of A are different 
from about 90 per cent of the individuals 
of B.” Their subsequent discussion of the 
statistical calculations involved make it 
obvious that only a mathematical zoologist 
with extremely large samples (which 
must necessarily be ideal samples) will 
be able to arrive at a correct interpreta- 
tion regarding the categories to which 
natural populations belong. 

While many systematists are obviously 
attracted by these various percentages, 
others feel that such artificially delimited 
groupings really do not reveal any of the 
fundamental situations inherent in the 
relationships between animal populations. 
No matter whose per cent rule is chosen 
by an investigator, zoologists might well 
wonder where the categorical limits 
within the revised group of animals will 
be if the next reviser decides to use a 
different percentage in his calculations. 
To avoid widespread confusion among 
zoologists, such revisers should at least 
be required to include some mention of 
the percentages they used in applying 
each subspecies trinominal, so that readers 
will know the relative values of their 
names. (And to be practical, any future 
mention of any such trinominal should 
include the describers’ names and also 
should make mention of which per cent 
rule was utilized in splitting the demes 
into fractions). 

The matter of synonyms will certainly 
become most confusing after a few such 
revisions of any group of animals, while 
the actual knowledge of the relationships 
between the minor demes invloved will be 
a mystery to all persons except the an- 
tagonistic revisers. Surely a more realistic 
approach is imperative! 

The persons who endorse the various 
percentage rules discussed above argue 
(and justifiably so) that we are dealing 
with populations, rather than individuals, 
and that since populations are composed 
of variable members we should expect to 
find some individuals of deme A resem- 
bling some members of other demes in 
the same species. However, the value of 


| 
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trinominals (with priority rights) for the 
separation of demes of this sort seems 
exceedingly small, especially in view of 
the concomitant confusion. Would not 
non-hyphenated vernacular names serve 
the same purposes in these cases without 
giving rise to unneeded and voluminous 
lists of “official” names for minor, slightly 
variable populations? Should we not 
pause to ask ourselves just what we con- 
sider to be the purpose and value of 
latinized trinominals and how great the 
differences should really be between popu- 
lations before they are significant enough 
to justify the glory and undying fame of 
different latinized names with perpetual 
scientific standing under the same rules 
as those which govern species names? 
Surely arbitrary percentages reveal little 
of the basic evolutionary potentialities in- 
dicated by divergent populations, although 
it must be admitted that the higher the 
percentage chosen by any zoologist, the 
more distinct (and likely to succeed as 
species) his “subspecies” become. 

As long as two populations are still 
sympatric to the extent that a zone of 
primary introgression exists (or even sec- 
ondary introgressions following brief pe- 
riods of allopatric existence) the percent- 
age of separable individuals is low, owing 
to gene flow between the populations 
through the zone of overlap and interbreed- 
ing. Under such conditions populations 
vary sufficiently to fit the Commission’s 
definition of subspecies, but not sufficiently 
to prove valuable to the zoologist who 
must constantly be concerned with the 
names of these minor categories. How- 
ever, after two populations have become 
separated to the extent that no zone of 
hybridization occurs between them (i.e. 
truly allopatric) the flow of genes be- 
tween their respective gene pools almost 
or completely ceases and each population 
becomes a separate evolutionary entity. 
When such isolated demes have developed 
distinctive structures, behavior, or physi- 
ology (due to altered genotypes), which 
enable their members to be identified cor- 
rectly, then these demes possess immedi- 


ate evolutionary potentialities and for that 
reason are more likely to be of interest 
to scientists and deserving of a name with 
taxonomic priority. This fact was noted 
by Linsley (1944) in his excellent discus- 
sion of infraspecific categories. Often such 
populations will be described as distinct 
species, but in many other instances the 
differences are slight and the members of 
the two populations would still be capable 
of freely interbreeding if they occurred 
together under natural conditions at mat- 
ing time. Such potentially interbreeding 
populations obviously do not conform to 
our present concept of distinct species, 
but would seem to fit admirably into a 
unique category, which we would do well 
to dignify with the term “subspecies.” 
Hence by the simple expedient of making 
it mandatory by definition that popula- 
tions, in order to be subspecies, must be 
prevented from interbreeding by one of 
the kinds of extrinsic isolation, we could 
immediately establish the fact that every 
population which is not a species must 
either (1) be a subspecies, or (2) fail to 
be a subspecies. 

The fact remains that some populations 
will exist which seem to be almost sub- 
species but are not yet extrinsically iso- 
lated (or have not yet diverged genetically 
enough to appear different), while others 
are along the borderline between subspe- 
cies and true species (having attained 
considerable genetic differentiation, re- 
sulting in a large degree of reproductive 
incompatibility) but are still capable of 
more interbreeding than is normal be- 
tween members of what we presently call 
“distinct species.” The distinction be- 
tween subspecies of the proposed sort and 
infrasubspecific demes is much easier 
and more reliable than our present dis- 
tinction between species and subspecies, 
hence is certainly adequate for use in 
most studies of animal populations. Ad- 
mittedly there will be borderline cases, 
as always, but at least the definition has 
a significance attached to the delimiting 
factor which is completely absent from 
those revolving about the various “per 





A NI 


cent 
the 

cerr 
tion 
disr 


tion 
cies 
fine 
are 
as 1 
olog 
late 
a bi 
in ¢ 


Me! 
con 
ac 
to 

this 
the 
The 
clu 
to t 
lati 
pro 


any 
con 
but 
lati 
wh 
an 
res 
suk 
as 

the 


an 
all: 
spe 
be1 
int 
de! 
Op) 


lat 











A NEW APPROACH TO INFRASPECIFIC CATEGORIES 4 





cent rules” and is further enhanced by 
the fact that absolute truth exists con- 
cerning the true category of each ques- 
tioned deme, regardless of our temporary 
disposition of it. 


Some Definitions 


Before continuing with the contempla- 
tion of a logical definition of the subspe- 
cies category, several terms must be de- 
fined and clarified. Most of these terms 
are used by the author in the same sense 
as used by a majority of systematic zo- 
ologists, but to avoid misunderstanding of 
later statements containing these terms, 
a brief discussion of each of them seems 
in order here. 

Population, deme, and gene pool. A 
Mendelian population is “a reproductive 
community of individuals which share in 
a common gene pool.” It seems difficult 
to find any serious disagreement with 
this definition by Dobzhansky (1950) if 
the meaning of “gene pool’ is specified. 
The author considers a gene pool as in- 
cluding all of the different genes available 
to the members of any reproducing popu- 
lation, each being present in certain 
proportions or frequencies. 

Not only may the entire membership of 
any large category, such as a species, be 
considered as constituting a population, 
but numerous subdivisions of this popu- 
lation are usually recognizable, each of 
which displays certain genetic, physical, 
and/or behavioristic differences from the 
rest of that species population. These 
subdivisions should in turn be considered 
as distinct communal populations, and 
they have been termed “demes” by Gil- 
mour and Gregor (1939), Huxley (1942), 
and Carter (1952). Such demes have usu- 
ally been referred to in the past as “sub- 
species” or “local varieties.” Mature mem- 
bers of these infraspecific populations will 
interbreed freely with those of other 
demes in the same species, whenever the 
opportunity occurs during mating season. 
Most demes are so similar to closely re- 
lated demes that they almost defy distinc- 


tion by taxonomists, yet each of these small 
populations actually consists of anumber of 
even smaller demes which are even more 
difficult to identify. In the final analysis 
each female, when she reproduces, brings 
into being a minute “population” com- 
posed solely of her own offspring. This 
might well be termed a “filial deme,” or 
“filial population.” (The term “clone” is 
often applied to the asexual offspring of 
a single parthenogenetic, autogamic, or 
asexually-dividing individual.) The ac- 
cumulation of these small filial popula- 
tions or clones results in the formation of 
larger, recognizably different demes, some 
of which should be accorded categorical 
designations. The number of different 
demes recognized by taxonomists depends 
upon the thoroughness with which the spe- 
cies including them has been investigated. 
Allopatric and sympatric; microgeo- 
graphic versus macrogeographic popula- 
tions. “Allopatric” is an adjective re- 
ferring to the geographic relationship 
between two or more populations which 
occupy separate ranges or habitats. Ob- 
viously, some populations are more dis- 
tinctly allopatric than others, since some 
are very distinctly isolated while others 
may present puzzling ecological aspects. 
For this reason it seems necessary that 
we recognize two different types of allo- 
patric populations. These may be referred 
to as (1) macrogeographically allopatric 
populations and (2) microgeographically 
allopatric populations. “Microgeographic’”’ 
was proposed by Schlegel, in 1884, for 
ornithological usage but has been neg- 
lected by most recent systematists. 
Macrogeographically allopatric popula- 
tions are those which inhabit ranges that 
are obviously separated geographically. 
Their respective ranges may be easily in- 
dicated on a road-map (or any similar type 
of non-topographic, non-faunistic, non- 
floristic map). Obviously, there are many 
instances where two populations occupy 
the same general geographic area but are 
still isolated, owing to different ecological 
preferences. If the geographic ranges of 
two such populations are marked off on a 
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small-scale road-map, these populations 
appear to be sympatric, rather than allo- 
patric. Therefore we would be correct in 
stating that they are “macrogeographi- 
cally sympatric.” However, if a detailed 
topographic map were used to indicate ac- 
curately the range of each of these popu- 
lations, it might well become evident that 
the actual ranges of these populations are 
completely separated by differences in 
elevation above sea level, steepness of hill- 
side habitats, directional slope prefer- 
ences, or relative proximity of preferred 
habitats to streams, hilltops, or masses of 
certain plants. Such differences in ranges 
are without doubt slightly separated geo- 
graphically, although they are usually 
said to be merely “topographically” or 
“ecologically” separated. It is therefore 
recommended that all populations isolated 
by such factors be termed “microgeo- 
graphically allopatric,” even though they 
are “macrogeographically sympatric.” 
By advancing still further with this 
line of reasoning we must admit that any 
two groves of trees on a single small hill- 
side are actually geographically separated, 
since maps can be drawn which will 
clearly indicate their different positions 
on the face of the earth. If a certain popu- 
lation of animals (phytophagous insects, 
for example) restricts its range to just one 
of these groves, while the other grove 
serves as the entire range of another pop- 
ulation or deme of animals, then these two 
animal populations are, strictly speaking, 
geographically isolated. It would be im- 
possible to indicate their ranges clearly on 
any map except very large-scale maps 
bearing contour lines as well as detailed 
indications of the smaller features of that 
area, such as groves of trees, thickets, 
meadows, springs, and so on. Here again 
the term “microgeographically allopatric” 
will indicate the relationship between the 
two extrinsically isolated populations, 
even though they are undeniably “macro- 
geographically sympatric.” This line of 
reasoning may be pressed still further and 
applied to populations living upon or with- 
in two individual trees which are standing 


side by side in the same grove, under ap- 
parently identical ecological conditions. 
These populations are microgeographi- 
cally allopatric if they remain completely 
separated, each in its own tree. Obviously 
such extreme conditions are not common 
but they often occur among very simple 
forms of life. 

Continuing even further, we see that 
many “host-specific” animals are also de- 
pendent upon microgeographic factors for 
their isolation during mating season. 
Members of different species of hosts will 
attract different species of animals to live 
upon or within them. This commonly oc- 
curs among plant-feeding insects, some 
species of which are composed of mem- 
bers which will die rather than eat the 
leaves of plants which are not their nor- 
mal food. The range of each small popu- 
lation of such specific phytophagous ani- 
mals would include all of the plants of the 
correct species within the range of the 
population. It could be indicated on a 
map, if sufficient time and care were ex- 
pended in constructing it. There is no 
fundamental difference between a distri- 
butional map of the United States with 
outlined areas throughout the country to 
indicate where certain demes of animals 
occur, and one of a small woodlot (drawn 
to a correspondingly large scale, with 
every tree and shrub or herb included) 
with outlined areas indicating exactly 
where each different phytophagous popu- 
lation of insects occurs (or even where 
each individual female and her filial pop- 
ulation is located). The only differences 
are those of degree and of ease in recog- 
nizing the ranges inhabited by various 
populations. It might also be concluded 
that different portions of the same host 
plant must be admitted as constituting 
different microgeographic ranges, so that 
if one population of these simple animals 
inhabits only the roots while another pop- 
ulation occurs only in the flower or fruit, 
then these two populations are actually 
microgeographically allopatric. Members 
of different subspecies and species often 
display this precision of habitat selection, 
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as do also those of some infrasubspecific 
taxa. The different microgeographic hab- 
itats occupied by these populations may 
be ecological niches, biotopes, or perhaps 
only small portions of biotopes. Any pop- 
ulations thus isolated may be said to be 
ecologically isolated, and subspecies which 
result from such isolation may be referred 
to as “ecological subspecies.” Other de- 
scriptive appellations might be utilized 
where applicable, such as “host subspe- 
cies,” “altitudinal subspecies,” or “edaphic 
subspecies.” These are merely more ex- 
plicit terms which are useful in indicating 
different sorts of microgeographically al- 
lopatric subspecies. 

“Sympatric” is an adjective pertaining 
to two or more populations, the respective 
members of which occupy the same range 
or niche (at least in part). If their habi- 
tats overlap or come into contact (para- 
patry) in such a way that the shared areas 
may be clearly indicated by outlining both 
ranges on a standard road-map (i.e. non- 
topographic, non-faunistic, and non-floris- 
tic), then these populations are macro- 
geographically sympatric. As discussed 
earlier, the larger the scale of the maps 
used, the more obvious it becomes that rel- 
atively few populations coinhabit the very 
same small area or niche or biotope. This 
is even more obvious if contour lines, flo- 
ristic zones, water supplies, edaphic fea- 
tures, and even individual trees or other 
plants are indicated on the map. Verte- 
brates tend to roam about much more 
than invertebrates, hence many of them 
are truly sympatric, both macrogeograph- 
ically and microgeographically. However, 
as more details are learned about popula- 
tions of invertebrates and their ranges, it 
becomes evident that even when they are 
obviously sympatric macrogeographically 
they are very often microgeographically 
allopatric, hence are prevented from in- 
terbreeding. (For all practical purposes a 
geneticist or systematist need only be con- 
cerned with the allopatry or sympatry of 
the mature individuals in breeding con- 
dition. ) 

Allochronic and synchronic populations. 


In many cases the members of different 
populations occur quite sympatrically yet 
do not interbreed. This lack of cross- 
breeding may result from temporal iso- 
lating factors, when the mature, reproduc- 
tive individuals of one population occur 
at a different time from those of other, 
sympatric populations. A relationship of 
this sort is expressed by the term “allo- 
chronic,” while populations which reach 
their mating stages during the same pe- 
riod of time are said to be “synchronic.” 
Obviously, temporal species and subspe- 
cies do occur in nature, and must be con- 
sidered by systematists. 

It is evident that no two populations 
can be considered microgeographically 
sympatric except those which occur to- 
gether in the most intimate association. 
Such populations will belong to different 
species if they are reproductively isolated 
by (1) ethological (i.e. behavioristic), (2) 
physiological, (3) mechanical (i.e. struc- 
tural), or (4) genetic barriers. Since these 
barriers are important only in the separa- 
tion of distinct species, there is no reason 
to discuss them further here. The purpose 
of the present paper is to examine only 
the types of isolation other than these 
four, because these other types are re- 
sponsible for the isolation of infraspecific 
populations. Some general categories of 
such extrinsic isolating factors are (1) 
geographic barriers, (2) temporal barriers, 
and (3) ecological barriers. 


“Ultimate Truth” in Systematic Zoology 


The philosophical aspects of systematic 
studies are not generally sufficiently ap- 
preciated. If we define a term in an ac- 
ceptable manner, then every entity which 
satisfies the requirements of the defini- 
tion must necessarily deserve recognition 
by use of that term. For example, a spe- 
cies might be defined as “a natural popu- 
lation which is genetically distinct and 
reproductively isolated.” If a taxonomist 
then describes two demes as different spe- 
cies because he believes they satisfy these 
requirements, he may be correct or he 
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may err. Regardless of the correctness of 
his judgment and placement, a true con- 
dition exists with regard to these demes 
and they are either species or not, depend- 
ing upon whether they truly fit the defi- 
nition or not (rather than upon whether 
the systematist calls them species or not). 
In other words, the truth exists independ- 
ently of individual judgment. 

This same conception of ultimate truth 
should be applicable to our subspecies 
definition. We must establish subspecies 
and infrasubspecific category definitions 
with logical bases, which will either in- 
clude or exclude every deme, then attempt 
to make our disposition of each deme coin- 
cide with the ultimate truth concerning 
the category to which it really belongs, 
according to these definitions. 

In the following definitions an effort has 
been made to utilize factors which are dis- 
tinctly delimiting (rather than arbitrary 
lines), with the object being to establish 
systematic categories which are not rhe- 
torical but are practical and precise, hence 
may be applied with accuracy to most pop- 
ulations or demes of animals. Any popu- 
lation (or aggregate of populations) might 
be a member of one of these categories 
(subspecies, morphs, or some type of indi- 
vidual variant), but our disposition of that 
taxon in systematic work will be either 
correct or erroneous, depending upon the 
ultimate truth concerning the nature of 
the demes involved. The correctness of 
our beliefs and conclusions concerning the 
population or deme in question will de- 
pend largely upon our knowledge of the 
factors involved, but the true categorical 
position of that population (according to 
our definitions) will remain unaltered by 
our concepts and therefore unaffected by 
the veracity or fallaciousness of our be- 
liefs concerning relationships between the 
demes. There is only one correct cate- 
gorical position for each deme at any 
given time, regardless of its treatment 
by systematists. Thus a population may 
be incorrectly classified for many years 
(possibly forever) owing to our lack of suf- 
ficient knowledge concerning that popula- 


tion and its relationships with other popu- 
lations. This does not alter the ultimate 
truth concerning the systematic category 
to which it belongs, because human opin- 
ion cannot alter this truth, once we have 
laid down definite requirements to be ful- 
filled by the populations comprising each 
category. We must make every effort to 
interpret the situation correctly so that 
our conclusions will agree with this ul- 
timate truth, else we may inadvertently 
place many populations in the wrong cate- 
gories, even though our mistakes might 
never be discovered. 


The Subspecies Category 


As mentioned earlier, the factors of 
greatest systematic significance, so far as 
the evolutionary and biological relation- 
ships between members of different pop- 
ulations are concerned, are genetic dis- 
tinctiveness and reproductive isolation. 
Fortunately, almost every difference be- 
tween genetic components of members of 
two respective populations gives rise to 
structural, physiological, and ethological 
changes, also. Therefore, except in rare 
instances, any individual whose genotype 
is sufficiently different from that of an- 
other individual to be of reproductive sig- 
nificance (and hence to alter the categori- 
cal status of the individuals’ populations) 
will be accompanied by visible differences 
in the appearance or behavior of these in- 
dividuals. When two populations have 
diverged in the course of evolution, the 
individuals of one of them will have geno- 
types which differ from those of the other. 
As the differences between genotypes be- 
come more pronounced, so do the cor- 
responding disparities in cross-fertility 
and in appearance and behavior of the 
individuals. As a result, it is usually pos- 
sible to theorize correctly as to the degree 
of reproductive isolation existing between 
members of two respective populations 
which are completely allopatric, by ob- 
serving the physical and ethological dif- 
ferences between them. Since some ani- 
mal groups are composed of members 
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which are subject to much greater varia- 
tion than others, it is essential that the 
systematist take this into account when 
observing physical differences between 
isolated populations. If these differences 
are no greater than chose occurring be- 
tween members of respective interbreed- 
ing populations which are sympatric at 
mating time, then the populations are 
probably only subspecies; but if they are 
at least as great as those between good 
sympatric species within the same genus 
(or closely related genera), then the iso- 
lated populations are probably distinct 
species. 

On this basis, future research will re- 
veal cases where a relatively poorly 
known population which has been con- 
sidered as a single monotypic species may, 
after further study, actually be discovered 
to be composed of two or more distinct 
populations (or aggregates of popula- 
tions) whose mature members are ex- 
trinsically isolated from one another by 
previously unrecognized factors, hence do 
not interbreed even though physically 
capable of it if they were to meet under 
natural conditions at mating time. The 
discoverer of such a situation should point 
out the isolating factors involved and rec- 
ognize the populations as distinct subspe- 
cies (if sufficient differences exist between 
them to make them worthy of trinomi- 
nals), indicating at that time the reasons 
for his disposition of them by utilizing 
category names such as “geographic sub- 
species,” “ecological subspecies,” “host 
subspecies,” ‘‘seasonal subspecies,” or 
some other applicable terminology. 

Mayr, Linsley, and Usinger (1953) con- 
sider subspecies as being “geographically 
defined aggregates of local populations 
which differ taxonomically from other 
such subdivisions of a species” (quite 
similar to the definition endorsed by the 
International Commission of Zoological 
Nomenclature). The undesirability of 
such loose and all-inclusive definitions has 
been repeatedly pointed out earlier in this 
paper. The author’s definition is that 
“subspecies are natural, obviously differ- 


ent populations, the members of which 
would cross-breed rather freely if they oc- 
curred sympatrically and synchronically 
under natural conditions, but which are 
distinctly separated during their mating 
periods” (with the result that they do not 
normally cross-breed). 

Populations which look alike and are 
microgeographically sympatric and syn- 
chronic but which still do not freely and 
normally interbreed (owing to etholog- 
ical, physiological, mechanical, or genetic 
factors) should be called sibling species; 
only those populations which are pre- 
vented from interbreeding because they 
do not occur together during mating sea- 
son are eligible for the title of subspecies, 
as defined by the writer. 

In the following paragraphs the term 
“subspecies” is intended to refer to this 
category only in the strict sense endorsed 
by the author. 


Cross-breeding between Members of 
Different Subspecies 


Subspecies populations are often not 
isolated by great gulfs of time or space as 
species might be, hence it is not at all im- 
possible for occasional stragglers belong- 
ing to one subspecies to enter the range 
or niche of another subspecies population 
of the same species. In this event it is 
quite possible that successful cross-breed- 
ing between that individual and a member 
of the resident population will occur (un- 
less, of course, they meet at such a time 
and under such circumstances that even 
a pair of individuals belonging to the same 
local population would fail to mate). 
This readiness to cross-breed is what we 
should expect in the light of our knowl- 
edge concerning the close relationship be- 
tween subspecies. If all true subspecies 
were to be miraculously allowed to join 
ranges or habitats today, in nature, their 
members would be expected to interbreed 
rather freely and normally. If numerous 
examples are discovered wherein strag- 
glers have penetrated the habitat of resi- 
dent subspecies and cross-breeding occurs 
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normally and freely between the members 
of these two populations under natural 
conditions, then the populations are not 
distinct subspecies (since they are obvi- 
ously not sufficiently isolated) but are 
merely “local varieties” or “morphs.” If 
only extremely rarely do stragglers find 
their way into the habitat of a foreign sub- 
species (and between most subspecies 
such events may be expected occasion- 
ally), then we have a different situation 
entirely. Such rare stragglers certainly 
do not constitute a Mendelian population, 
because they bear only a small proportion 
of the genes in their subspecies gene pool; 
hence the two populations involved should 
still be considered as being allopatric (or 
allochronic, if temporal isolation has been 
bridged by the straggler). It follows, 
then, that the greater the frequency of 
such straggling, the less distinct are the 
subspecies. 

If conditions change so that more and 
more stragglers find their way into the 
territory of a certain foreign subspecies, 
and they interbreed, then each of the two 
populations will undergo definite altera- 
tions in their gene pools. The range or 
microgeographic habitat of each popula- 
tion may become less and less allopatric 
with respect to that of the other, until 
eventually a crucial point is passed and 
the two populations become truly sym- 
patric. The interbreeding populations 
should subsequently be considered as 
“local varieties” or “morphs,” rather than 
subspecies, because they obviously have 
lost (at least temporarily) their poten- 
tialities of evolving into distinct species. 
Doubtful situations occur today, and 
others will be discovered as more is 
learned about the populations comprising 
our recognized animal species. Certainly 
the terms “morph,” “local variety,” and 
“subspecies” are not less useful because 
of occasional borderline cases. On the 
contrary, the fact that boundaries between 
subspecies and infrasubspecific categories 
may be vague and are constantly but slow- 
ly being altered by genotype mutations, 
slight ecological changes, physiological 


alterations, and differences in the general 
nature of biotopes, is a valuable realiza- 
tion and one which should be emphasized 
in all ecological and systematic studies. 
Many different sorts of subspecies are suf- 
ficiently distinctive to merit differential 
recognition. A few of these are discussed 
below. 

Geographic subspecies are synchronic 
infraspecific populations (or aggregates of 
populations) which are isolated macro- 
geographically during their mating times 
but whose respective members would 
cross-breed rather freely and normally if 
the populations were sympatric under 
natural conditions. 

Temporal subspecies are sympatric in- 
fraspecific populations (or aggregates of 
populations) which are temporally iso- 
lated during mating season but whose 
members would cross-breed rather freely 
and normally if the populations were to 
become synchronic under natural condi- 
tions. Special types of temporal subspe- 
cies might be termed “seasonal subspe- 
cies,” “annual subspecies,” or “geological 
subspecies.” These are discussed briefly 
below. 

Seasonal subspecies. If two distinctive 
sympatric populations (or aggregates of 
populations) within a given species are 
composed of individuals which mature at 
different respective times during the same 
calendar year (for example, one in the 
spring and one in the fall) with no period 
of time during which reproductive forms 
of both demes coexist, then no interbreed- 
ing can occur between the members of 
the respective populations. 

Annual subspecies. If the members of 
one distinctive population (or aggregate 
of populations) within a given species 
mature only during a different year from 
those of another distinctive population of 
the same species, then the respective 
populations might be termed “annual sub- 
species,” if temporal isolation between 
their reproductive forms is complete. Ob- 
viously, sufficient numbers of temporal 
stragglers would reduce these populations 
to the status of “morphs,” just as occurs 
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with geographic subspecies and seasonal 
subspecies. An example of this type of 
relationship is that of the many “broods” 
of the seventeen-year cicada, the members 
of which mature in seventeen years but 
have become staggered so that the adults 
make their appearance in different locali- 
ties only during widely different years. 
Geological subspecies. Populations 
which function during different geological 
times, respectively, have (so far as we 
can foresee at present) absolutely no 
chance of becoming synchronic, hence the 
test of how freely and normally their 
members could interbreed is purely con- 
jectural. However, we must recognize the 
genetic similarities between such tempo- 
rally isolated populations and remember 
that if they could rather freely and nor- 
mally interbreed if they were somehow 
to occur together during their breeding 
seasons, then they deserve to be called 
subspecies of a single species. If not, 
then they are distinct species. As geo- 
logical succession of any population pro- 
gresses, the nature of that population’s 
gene pool is constantly changing (owing 
to mutations of various kinds). The alter- 
ations in genotype of the members of the 
populations result in changes in appear- 
ance, behavior, physiology, and reproduc- 
tive potentialities of these members. Thus 
two samples of any natural population, 
taken at different intervals of time, will 
be genetically different. If the time inter- 
val between sampling is small, these dif- 
ferences will be relatively slight, but after 
longer time intervals the genetic differ- 
ences increase in magnitude. Geological 
subspecies have no possibility of inter- 
breeding, because one has ceased to exist 
by the time the other has come into being. 
However, even after interbreeding has 
ceased, the populations may still be genet- 
ically capable of it if they got together. 
Such populations obviously cannot be- 
come “morphs,” but can only (1) remain 
subspecies, or (2) differentiate still fur- 
ther and become geological species. 
Ecological subspecies. Distinctively dif- 
ferent macrogeographically sympatric in- 


fraspecific populations (or aggregates of 
populations) which are isolated micro- 
geographically, but whose members would 
cross-breed rather freely and normally if 
the populations were to become microgeo- 
graphically sympatric under natural con- 
ditions, should be termed “ecological sub- 
species.” These populations occur in 
different niches, biotopes, or portions of 
biotopes, which cannot be indicated suc- 
cessfully on ordinary road-maps or other 
small-scale maps but require the use of 
topographic maps and usually of special 
faunistic or floristic maps to indicate the 
exact microgeographic habitat of the eco- 
logical subspecies. Most populations which 
are referred to as being microgeograph- 
ically allopatric are at the same time 
macrogeographically sympatric, because 
populations which are macrogeographi- 
cally allopatric can most easily be differ- 
entiated as “geographic subspecies,” hence 
there is usually no need to establish the 
fact that they are also microgeographi- 
cally allopatric. As is the case with the 
other types of subspecies recognized under 
this definition, any large influx of mature 
stragglers which breed rather freely and 
normally with members of the resident 
population will result in the subspecies 
tending more and more toward degenerat- 
ing to mere “morphs” or “local varieties.” 
In this case they might be called ‘“eco- 
morphs” because they would be more or 
less localized ecologically, rather than 
strictly spatially. Again, such an interpre- 
tation is based upon the acceptance of 
Dobzhansky’s_ definition of Mendelian 
populations and the application of that 
definition in its strictest sense to the 
straggler individuals (which may not con- 
tain the gene pool necessary for them to 
be called a population). 


Proposed Infrasubspecific Categories 


Many “subspecies” which have been 
described to date are actually nothing 
more than slightly different steps along a 
cline between two extremes of a species. 
To dignify such forms with names gov- 
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erned by the Law of Priority seems ridicu- 
lous. Certainly not every step along every 
cline should be so named, yet that would 
be the logical conclusion of such a trend 
in systematics. Since it is generally agreed 
that genetic differentiation of populations 
during periods of severe interruption of 
gene flow is the primary cause of changes 
in relationships between populations, why 
not utilize the completeness of such inter- 
ruption in formulating our definitions, 
rather than relying upon slight morpho- 
logical differences of some members of 
different demes? Genetic differentiation 
should always be reflected clearly by 
taxonomic nomenclature on the species 
level (lack of free interbreeding) and 
might be utilized equally well in determin- 
ing where to establish the limits of infra- 
specific taxonomic categories. The more 
divergent the gene pools of two demes 
become, the more differences are likely to 
show up in the morphology and physiology 
of their respective members. Obviously, 
in order for gene pools to proceed in 
divergent mutational directions, a marked 
lack of interbreeding between the popu- 
lations is essential. If the respective 
populations occur in ranges or habitats 
which overlap to the extent that the gene 
pool of one deme is available to members 
of the other deme, speciation can seldom 
occur between them. Extrinsic isolation 
is a prerequisite for divergence of the 
gene pools, which may in turn lead to 
gene changes drastic enough to cause 
eventually the members of the respective 
demes to become incapable of interbreed- 
ing even if they were to meet at mating 
times. 

If a natural dividing line exists which 
can separate (in our minds) two kinds of 
populations with such vastly different 
evolutionary potentialities, why not use 
that line of demarcation in establishing 
two different taxonomic categories? These 
would be (1) those populations which are 
sufficiently isolated to prohibit one deme 
from sharing the complete gene pool of 
another (including its mutations); and 
(2) those populations occupying ranges 


that meet or overlap sufficiently to insure 
that the genes in the gene pool of one 
are all available to members of the other 
(either directly or by transmission through 
intermediate individuals which occupy a 
zone of “hybridization” between the two 
relatively pure populations). The first 
type of relationship might well result 
eventually in the formation of different 
species; at least, the populations have the 
opportunity of remaining separated until 
they become genetically differentiated 
enough to be reproductively incompatible. 
The second type cannot become species 
without passing through a condition such 
as that described in the first type. The 
major criterion for separating these types 
of populations is whether or not the popu- 
lations (or aggregates of populations) are 
distinctly allopatric in the strict sense. 
For practical purposes, it would be useless 
to describe different demes as subspecies 
if their members look and behave iden- 
tically, yet it cannot be denied that com- 
pletely isolated demes have the potential- 
ity of experiencing unlike gene mutations 
and eventually becoming quite dissimilar 
genetically. No value would accrue from 
the recognition of subspecies based upon 
nothing more than differences in geo- 
graphic location, and such “subspecies 
descriptions” should be strongly discour- 
aged. If subspecies names are to be re- 
stricted to “obviously different” popula- 
tions, we are confronted with the major 
problem of deciding what differences are 
“obvious.” Characters which may elude 
detection by present scientific methods 
may be obvious and striking when studied 
with the use of complex devices available 
to future taxonomists. This will not mean 
that they are any more significant geneti- 
cally or evolutionarily, hence will not 
change the ultimate truth regarding their 
status, but by improving our techniques 
and abilities we may gain a clearer insight 
into the true nature of some populations. 
We might then find it prudent to recog- 
nize as subspecies certain unnamed allo- 
patric populations whose members were 
previously so similar as to elude identi- 
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fication and description except by locality 
or habitat data. 

But subspecies must always be allo- 
patric or allochronic. How shall we refer 
to the recognizably different populations 
whose ranges are sympatric and syn- 
chronic to some extent? All such demes 
should be studied by the evolutionist, for 
it is by such studies that fundamental 
processes of speciation may best be under- 
stood. Some provisions should be made 
which will enable us to refer to these 
minor sympatric (and synchronic) ele- 
ments within our species and subspecies, 
but it seems undesirable to establish hier- 
archies with full taxonomic priority for 
such relatively insignificant and fluctuat- 
ing populations or demes. Most, if not 
all, of the terms used in the past for such 
taxa are fraught with misunderstanding, 
so it seems wisest to introduce a pristine 
term and reserve it for infraspecific sym- 
patric and synchronic populations (or 
demes) whose members interbreed rather 
freely in parapatric and parachronic situa- 
tions. The author suggests the term 
“morph” for such demes, to be referred to 
by non-latinized vernacular epithets with- 
out taxonomic priority. By adding appro- 
priate prefixes, significant appellations 
such as “geomorph,” “ecomorph,” and 
“tempomorph” may be formed. These 
terms apply only to demes or populations 
under natural environmental conditions, 
and not to aberrations or individual vari- 
ants within a given population. The term 
“morph” would be defined as “one of two 
natural populations or demes of the same 
species, which are sympatric and syn- 
chronic to some extent and whose mem- 
bers rather freely interbreed but are 
obviously morphologically and/or etholog- 
ically distinctive.” (Perhaps the various 
percentage rules now utilized in establish- 
ing “subspecies” limits, by “splitters,” 
could be applied in the determination of 
when two morphs are distinctive enough 
to merit recognition. ) 


Infrasubspecific Variation 


The differences between members 
within any species or subspecies may be 


considerable, and this occasionally results 
in perplexing situations for the taxonomist 
or systematist. In order to be able to 
refer accurately to these variants, we must 
obviously equip ourselves with suitable 
terms. Yet such a widely differing set 
of circumstances may be responsible for 
the variation in one instance from that in 
another instance that it is no easy matter 
to establish sensible terms for all such 
variant forms. They are often more or 
less localized (allopatric), either macro- 
geographically or microgeographically, but 
on the other hand may be sympatric in 
both respects. When mature members of 
infrasubspecific forms occur sympatrically 
with those of other forms of the same 
species, the individuals will usually breed 
with one another rather freely where they 
come into contact. 

Infrasubspecific variation sometimes is 
caused directly by environmental condi- 
tions, rather than by changes in geno- 
type. Such variants have been termed 
“phenocopies” by Goldschmidt (1935) and 
are probably much more common than is 
generally realized at present. They occur 
frequently in insects, mammals, and birds. 
The phenotypic differences are usually 
expressed as variations in color, but are 
correlated with causative physiological 
alterations which in turn are due to nu- 
tritional differences or to the effects of 
temperature, moisture, or other external 
conditions of the environment. Many (but 
not all) “ecotypes” and “ecophenotypes” 
referred to in earlier publications are 
probably phenomena of this sort. Some 
familiar examples are certain seasonal 
differences in species of butterflies, aphids, 
and other insects; differences in color due 
to abundance of certain food in the diet 
(insects and some birds); differences in 
appearance and function of workers and 
reproductive castes of bees; seasonal vari- 
ation in the plumage of some birds (such 
as the ptarmigan) and in the fur of mam- 
mals (especially the arctic fox, ermine, 
mountain goat, and snowshoe rabbit). 

Another common type of infrasubspe- 
cific differentiation is expressed in the 
variation in color, size, or shape of body 
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parts that occurs within any natural popu- 
lation, owing to random distribution of 
the genetic material in the gene pool. 
These differences may be either adaptive 
(hence selective) or non-adaptive (non- 
selective). They are more likely to be 
non-selective, since selective characters 
naturally tend to eliminate characters of 
poorer selective value and render more 
similar almost all of the members within 
the deme or population. Several different 
sorts of these “Mendelian variants” are 
common enough to merit special mention 
here. 

Aberrations, sports, freaks, and other 
abnormal individual variants. Such indi- 
viduals are rarely of any importance to 
the natural population. Freaks and aber- 
rations are usually very poorly adapted 
to their environments and cannot success- 
fully compete with more normal individ- 
uals. As a result, their mutated genotypes 
are not likely to be perpetuated. The term 
“individual variant” applies more readily 
to such specimens. 

Polymorphic variants. These forms re- 
sult from a special condition of genotypic 
variation within a species or subspecies. 
Ford (1945) stated that a “polymorphic 
species is one in which two or more dis- 
tinct forms occur together in the same 
habitat in such proportions that the rarest 
of them cannot be maintained by recur- 
rent mutation.” He says this excludes 
seasonal and geographic variation, since 
polymorphic variants are synchronic and 
sympatric. It also excludes continuous 
(clinal) variation, since the variants do 
not grade into one another. While “poly- 
morphic” is a term occasionally used in a 
much broader sense, as in reference to 
seasonal forms of butterflies, Carter (1952) 
has deplored this trend and suggests that 
for convenience in systematic zoology we 
restrict the term to those forms which 
would fit Ford’s definition. With this 
suggestion the author is in complete ac- 
cord. Ford recognizes three general types 
of polymorphism: transient polymorphism, 
neutral polymorphism, and balanced poly- 
morphism. Transient polymorphism is the 


condition existing when some mutational 
form is spreading through a population 
under selective pressures. As long as this 
spread is progressing, the population is 
polymorphic, but after the mutation has 
become universal throughout the popula- 
tion it ceases to be polymorphic for the char- 
acters involved. Neutral polymorphism 
results when the characters for which the 
population is polymorphic have no selec- 
tive value, hence are non-adaptive. Such 
populations might remain permanently 
polymorphic or, if mutations or environ- 
mental changes alter the selective value 
of the characters so that they begin to 
spread through the population, become 
examples of transient polymorphism. It 
is also conceivable that genetic drift might 
permanently fix the characters in small 
populations or eliminate them completely. 
Balanced polymorphism exists when a 
genetic variant possesses a certain selec- 
tive value as long as it occurs only in a 
relatively small proportion of the popula- 
tion, but becomes more disadvantageous 
as it becomes more abundant in the popu- 
lation. A deme in a condition of balanced 
polymorphism will remain polymorphic 
for the character involved so long as ex- 
trinsic conditions do not change (or genes 
do not mutate), with definite proportions 
of the respective variant forms present, 
and the least common phenotype still 
being much too abundant to be caused 
by recurrent gene mutations. Such con- 
ditions are common, but the most striking 
examples are probably afforded by certain 
mimetic butterflies which are polymorphic. 
In these, one sex, usually the female, is 
polymorphic, with some individuals being 
“normal” in appearance while others 
mimic certain species which are distaste- 
ful to predators. The value of the mimetic 
resemblance decreases inversely with the 
increase in proportion of mimetic forms, 
because predators have a greater chance 
of discovering that a fair proportion of 
the distasteful-appearing forms of butter- 
flies really are not distasteful. This results 
in drastic reductions in the number of 
that particular mimetic form in the popu- 
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lation, after which the predators are again 
impressed by the distastefulness of butter- 
flies of that appearance and cease attack- 
ing them. A balance is thus established, 
with the proportion of each polymorphic 
form hovering about the level which re- 
sults in the greatest selective advantage 
for it. If more than one species is being 
imitated, such a balance will exist for each 
mimetic form. 

Morphs. These are types of infrasub- 
specific categories resulting from the ac- 
ceptance of the author’s conception of a 
subspecies, as defined earlier in this paper. 
These categories have been discussed 
throughout the sections on subspeciation 
and infrasubspecific variation. They are 
categories composed of populations (or 
aggregates of populations) of a species, 
which are sympatric and synchronic to 
some extent during their mating seasons, 
but which display localized differences in 
appearance and/or behavior. They differ 
from species in being capable of inter- 
breeding freely where their ranges over- 
lap, and from subspecies in actually oc- 
cupying ranges that do overlap during 
breeding season. The localized variation 
results from slight genetic divergences 
due to slight interruptions of the gene 
flow between two adjacent demes. A 
series of two to many of them are cus- 
tomarily linked together, with members 
of adjacent populations interbreeding 
rather freely where they come into con- 
tact, but more distant populations are 
prohibited by extrinsic factors from en- 
countering one another. Gene flow occurs 
from one end of such a rassenkreis? to 
the other, unless absolute gaps occur 
somewhere across the over-all species or 
subspecies range. The presence of minor 
obstructions to gene flow causes slightly 
separated populations along the cline be- 
tween the extremes of the rassenkreis to 
acquire slightly different gene pools. If 
the obstructions to gene flow are relatively 


2 Proposed by Rensch (1929) for polytypic 
species (i.e. those whose localized members 
exhibit differences in appearance). 


severe, a “stepped cline” may result, with 
a few obviously different forms involved. 
Many of these “steps” have already been 
named “subspecies” by ornithologists, 
mammalogists, and lepidopterists. Fortu- 
nately, only a few hundred such popula- 
tions have been allotted trinominals by 
American entomologists, and possibly the 
trend toward giving them latinized names 
can be slowed or halted before the system 
of zoological nomenclature is overwhelmed 
by these insignificant minor-category 
names. 

The names of morphs need not be ac- 
corded taxonomic priority, but should 
merely be referred to by vernacular 
descriptive terminology so that their ex- 
istence can be verified by specialists in any 
field. Wilson and Brown (1953) are ap- 
parently concerned only with geographic 
races and the elimination of trinominals 
for such demes, hence they suggest the 
use of vernacular names which indicate 
the geographic range of the respective 
populations. As has been stressed else- 
where in the present paper, however, 
many demes which are merely ecologically 
isolated display the same sort of clinal 
variation within one certain geographic 
area. Certainly appropriate vernacular 
names for these populations should be 
concerned with their ecology rather than 
their geographic location. Furthermore, 
some demes may occupy geographic 
ranges so close together or in such poorly 
known regions that no suitable distinctive 
geographic vernacular terms could be de- 
vised for them. Since morphological 
and/or behavioristic differences are pref- 
erably essential before it is advisable to 
distinguish between demes of an infra- 
subspecific status (as along a cline), it 
will probably best serve our purpose in 
most cases to refer to them by vernacular 
names describing their appearance or be- 
havior. Examples might be “striped 
morph,” “willow morph,” “sluggish 
morph,” “swamp morph,” “slender pale 
morph,” and so on. In referring to poly- 
topic morphs the appearance plus the 
localities could be utilized, resulting in 
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names such as “sierran striped morph,” 
“coastal spotted morph,” “Long Island 
striped morph,” or “Montauk spotted 
morph.” These names leave little doubt 
as to the nature of the demes involved. 

Great care should be exercised in deter- 
mining if a certain phenotype is really a 
morph or is merely a phenocopy, because 
of the tremendous differences in evolu- 
tionary significance between the two types 
of phenomena. If a fairly representative 
sample of a population is examined it 
should usually be easy to decide if the 
difference is due to genetic causes or only 
to ecological effects on the physiology of 
the animals, since in the latter case almost 
the entire population should be affected 
similarly, rather than demonstrating cer- 
tain phenotypic ratios. Even though 
taxonomic priority does not embrace 
either the phenocopy or the morph, it is 
important that the correct terminology 
be applied consistently in order that fu- 
ture zoologists may be cognizant of the 
relationships between demes of animals 
without being forced to study each situa- 
tion for themselves. 


Summary 


1. The trend toward chaos in infraspe- 
cific nomenclature is deplored. An appeal 
is made to zoologists to act quickly against 
the present practice of naming vague, 
slightly differentiated sorts of demes as 
“subspecies”; to reduce them instead to an 
infrasubspecific category without taxo- 
nomic priority. If some such action is 
not taken soon, systematic zoology will 
be smothered by the proliferation of tri- 
nominals applied to exceedingly minor 
demes. Even after trinominals are ac- 
knowledged to be superfluous or fallacious 
they remain enshrined in our books and 
lists forever to confuse all future zoolo- 
gists. This should establish the urgent 
need for stricter interpretation of the 
present subspecies definition or a new 
definition which will raise the lower limits 
of this category sufficiently to convert the 


“subspecies” into something far more 
meaningful than it is today. 

2. The following causes of difficulty in 
categorizing animal populations are dis- 
cussed: 

(a) Borderline cases occur because 
many animal populations are passing 
through transitional periods between what 
we call species and subspecies or between 
subspecies and lesser categories. 

(b) There is a lack of suitable, precise 
definitions of systematic categories. 

(c) Our systematic books and papers 
are often inconsistent because of the am- 
biguity of the terms used in discussing 
relationships between members of popu- 
lations. 

3. In spite of individual differences in 
interpretation of taxonomic and system- 
atic terms, there is very little disagree- 
ment concerning actual concepts of the 
sorts of relationships occurring between 
members of animal populations. Modern 
zoologists recognize the function of ex- 
trinsic isolation in allowing allopatric 
populations to develop unlike (different) 
mutations, which in turn may lead to 
inability of the members of different popu- 
lations to interbreed even if mature indi- 
viduals do come into contact during 
mating season. 

4. Many isolating factors, both intrinsic 
and extrinsic, are listed and discussed. 
The extrinsic factors are especially im- 
portant in determining if populations are 
“subspecies” or “morphs” (according to 
the definitions of these categories pro- 
posed in the present paper). 

5. In spite of general agreement on the 
causes of reproductive incompatibility 
(which results in speciation), there is 
almost total disagreement concerning 
what factors should be utilized in the 
delimitation of the subspecies category. 
The International Commission on Zoologi- 
cal Nomenclature defines a subspecies as 
“a population (geographic or ecological) 
within a species which differs from any 
other such population within the same 
species.” Mayr, Linsley, and Usinger 


(1953) have improved upon this defini- 
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tion by stating that “Subspecies are geo- 
graphically defined aggregates of local 
populations which differ taxonomically 
from other such subdivisions of a species.” 
Neither definition states how much the 
populations must differ, hence both fail 
to establish any lower limits for the cate- 
gory. Numerous suggestions based on 
arbitrary percentages of similarity be- 
tween populations have been endorsed 
by systematists, some of whom prefer the 
“50 per cent rule” while others follow the 
“75 per cent rule,” the “84 per cent rule,” 
the “97 per cent rule,” and so forth. Ob- 
viously, some standardization is essential 
but there is no logical basis for determin- 
ing which is the most suitable rule—each 
worker chooses the figure he likes best, 
which is usually one that allows him to 
describe a few new “subspecies.” To pre- 
vent misconceptions, it should be required 
that every trinominal applied to animal 
categories be accompanied each time it is 
cited by an indication of which per cent 
rule was used by its original author. A 
better solution is to redefine “subspecies,” 
more concisely. 

6. The terms “population,” “deme,” 
“gene pool,” “allopatric,” “sympatric,” 
“microgeographic,” ‘macrogeographic,” 
“allochronic,” and “synchronic” are de- 
fined, to facilitate correct interpretation of 
the author’s statements concerning infra- 
specific differentiation. 

7. A new definition of “subspecies” is 
proposed, based upon the extrinsic isola- 
tion of populations whose members are 
capable of freely interbreeding if they 
were sympatric and synchronic. (That is, 
they have similar gene pools but are dis- 
tinctly isolated and thus possess separate 
evolutionary potentialities.) Several types 
of “subspecies” of this sort are discussed. 

8. A new term, the “morph,” is pro- 
posed for distinguishable sympatric and 
synchronic interbreeding populations of 
a single species. This is to replace the 
term “subspecies” for such demes and 
to eliminate trinominals along with their 
taxonomic priority. Vernacular names 


(without taxonomic priority) may be ap- 
plied to such demes if they are recog- 
nizably different on the basis of their 
appearance or behavior. 

9. Some philosophical aspects of sys- 
tematic zoology are discussed, and the 
concept of “ultimate truth” is extended 
to apply to the proposed new definitions 
of subspecies and morphs, as follows: A 
population is either a subspecies or a 
morph (for example), and the truth exists 
regardless of the conclusions of system- 
atists. A morph might be called a sub- 
species for years, until it is discovered 
that its range is sympatric with that of 
a neighboring deme of the same species. 
Conversely, a subspecies might masquer- 
ade under the title of a morph and its 
true nature never be discovered. In both 
cases, however, the populations involved 
are definitely either subspecies or morphs, 
depending upon the ultimate truth con- 
cerning their relationship. We must strive 
to discern these ultimate truths though we 
shall certainly not always be successful. 

10. Special attention is directed to the 
gene pool, since any “population,” by 
definition in this paper, must possess an 
entire gene pool. A few stragglers enter- 
ing the range of a foreign deme do not 
fulfill this definition, hence are not popu- 
lations. Two populations are truly sym- 
patric only if the entire gene pool of one 
is available to the members of the other. 
If this is not true, then the populations 
are allopatric, according to the author’s 
definition. These definitions would estab- 
lish definite meanings for allopatric and 
sympatric, so that writers could no longer 
refer to two populations as being “allo- 
patric, except for a few small regions 
where they overlap.” (That is the equiva- 
lent of stating that “Northsouthern Col- 
lege is an all-male college because only 
men are allowed to attend school there, 
except for girls between the ages of 20 
and 23”!) 

11. Various infrasubspecific categories 
are distinguished and discussed, namely 
“phenocopies,” “aberrations,” “sports,” 
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“freaks,” “varieties,” “individual vari- 
ants,” “polymorphic variants,’ and 
“morphs.” 


12. Vernacular names are encouraged 
when referring to distinct morphs, rather 
than latinized trinominals governed by 
the Law of Priority. In addition to geo- 
graphic vernacular names, there are many 
practical taxonomic uses for ecological 
(microgeographic) vernacular names or 
for a combination of both geographic and 
ecological references (as for use in nam- 
ing polytopic demes). 
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A Problem in Oyster Taxonomy 


N THE past few years there has arisen 

a controversy over the proper generic 
name for that group of living oysters 
which includes such commercially im- 
portant species as the American (or Vir- 
ginia) and the Japanese (now Pacific) 
oyster. This controversy is the result of 
Lamarck’s somewhat loose allocation of 
fossil and recent species to his genus 
Gryphaea, and the assumption by most of 
those involved in the present dispute that 
the living estuarine oysters cannot be in- 
cluded in the same genus as the Jurassic 
and Cretaceous Gryphaeas. Lamarck ap- 
parently saw no real generic difference 
between the ramshorn Gryphaeas and the 
modern species, as he included examples 
of both in his lists of species allocated to 
Gryphaea. 

As a generic name for the Portuguese 
and related oysters, Gryphaea is a senti- 
mental favorite among European oyster 
biologists (Vilela, 1951; Korringa, 1952); 
and Ranson, the leading oyster taxono- 
mist, has pleaded for an exercise of the 
plenary powers of the International Com- 
mission to validate Lamarck’s 1819 usage 
of Gryphaea, in which angulata is clearly 
the type, as opposed to the 1801 usage 
for which the Cretaceous arcuata has been 
subsequently designated as the genotype 
(see Bull. Zool. Nomencl., 2: 239-240, 4 
May 1951). 

This movement to deny the Cretaceous 
species the right to the name Gryphaea 
would, if successful, oblige paleontologists 
to use some such name as Liogryphaea 
(see Stenzel, 1947). Gunter (1950) seek- 
ing to avoid a suspension of the rules in 
favor of Gryphaea for the living oysters, 
proposes acceptance of Crassostrea, and 
several who work with living oysters have 
followed him in this usage (see, for ex- 
ample, Oyama, 1952). This is based on 
Gunter’s feeling that “Gryphaea cannot be 
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accepted for any living genera [sic] of 
oysters.” In the light of one bit of sugges- 
tive evidence, this view may be untenable, 
and the whole problem of Gryphaea La- 
marck 1801 versus Gryphaea Lamarck 
1819 would consequently become aca- 
demic. If we can demonstrate that Gry- 
phaea is not an extinct genus, but is actu- 
ally living today, and does indeed include 
the Portuguese-Virginia-Japanese com- 
plex, the European usage is correct for 
both living and fossil species and there is 
no problem of nomenclature per se in- 
volved. (The matter of taronomic con- 
venience, it should be understood, is laid 
aside in this discussion. ) 

Shell character in oysters is at best an 
incomplete criterion for the identification 
of species in oysters, and as Dechaseaux 
(1946) says (of Liostrea) specific determi- 
nation “est trés délicate et affaire d’appré- 
ciation personnelle.” Nevertheless, the 
variations in shell structure in oysters 
have provided paleontologists with ma- 
terial for one of their classic studies in the 
variations of populations in successive 
strata. In this series of populations from 
the Jurassic beds of Europe, a successive 
series of overlapping populations with re- 
spect to the degree of curvature from a 
flat, oyster-like form to a true ramshorn 
Gryphaea, has been demonstrated (Fig. 
1). According to Trueman (1922) such 
trends of variation have occurred several 
times during the Jurassic and Cretaceous, 
and the “Gryphaea” or end result of these 
trends is not a genus in the strict sense, 
but a form genus. Thus “Gryphaea” 
should properly be applied to only one of 
these end points, although it requires a 
very narrow conception of “genus” to as- 
sign the extremes of a continuous series of 


populations to different genera. 


1 ‘Nevertheless, the genus, though not a 
real entity, may be a real convenience; and 
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Fic. 1. Community evolution in Jurassic 
(Liassic) oysters. Progressive incurving of 
the shell is shown by the shifting peaks of the 
graphs; but each community contains forms 
having different degrees of incurvature. 
(After George, 1951.) 


Simpson (1944) has considered the 
mannner in which such a conservative, 
slowly evolving stock as that of the oyster 
can persist through long periods of time, 
while giving rise to various offshoots: 


Most low-rate lines and, specifically, most 
or all bradytelic phyla seem to be highly and 
particularly adapted to some ecological posi- 
tion or zone with broad but rather rigid selec- 
tive limits. They have few distinctive pecu- 
liarities that are not manifestly or probably 
adaptive .. . the adaptation does not neces- 
sarily involve loss of plasticity, and the low- 





conventional definition may set objective 


limits to each genus as precise as those of 
a calendarial century or a statute mile.” 
T. Neville George, 1951, p. 79. 


rate line remains capable of throwing off 
branches that invade narrower or more fluc- 
tuating ecological niches and that evolve more 
rapidly in this new environment. ... The 
bradytelic group remains and survives as an 
unprogressive nucleus of larger population, 
and the more rapidly evolving lines, more at 
the mercy of changing conditions, often be- 
come extinct. 

This relationship involves an equilibrium 
between tolerance and cyclic environmental 
change. At one end of the sequence are ani- 
mals that tolerate almost no alteration of ex- 
ternal conditions, but live in a virtually un- 
varying environmental niche, and at the other 
end are animals that tolerate extreme cyclic 
variations in temperature, salinity, and so 
forth, and live in environments characterized 
by such cycles. These periodically fluctuating 
environments must, however, be no less per- 
manent, even though more variable, if brady- 
telic lines are to be found in them.? Thus, an 
animal that became adapted to continuous 
cold during the Pleistocene would either be- 
come extinct or rapidly evolve a different 
physiological adjustment in post-Pleistocene 
times. But an animal which developed wide 
temperature tolerance, which is no less an 
adaptation than is adjustment to a particular 
part of the temperature range, would tend to 
continue unchanged. 

. It is theoretically probable and it is 
consistent with observed facts that bradytely 
results from the equilibrium of large breeding 
populations of animals specifically adapted to 
a continuously available environment that is 
relatively invariable or has a rhythmic varia- 
tion that corresponds with adaptive tolerance 
in the population. [Pp. 140-141.] 


The ideas advanced by Simpson can be 
presented in the form of a diagram (Fig. 
2), where the basic stock may be postu- 
lated as occupying the optimum, and the 
tachytelic lines as flourishing during the 
periods of extreme environmental fluctu- 
ation with a slow change in the optimum 
for the stock. In this connection, it is in- 
teresting to note the example of the sellae- 
formis stock of Cubitostrea, which Sten- 
zel (1949) considers to have developed in 
marine rather than estuarine conditions. 
A similar saddle-shaped growth is de- 
scribed by Cox (1924) for the Miocene 
Ostrea djuvanaensis, incompletely devel- 
oped specimens of which may be confused 


2 This is, in essence, a good description of 
the estuarine environment. (J.W.H.) 
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Fic. 2. Diagram illustrating environmental 
fluctuations in the estuarine environment. 


with another species. The growth rela- 
tionships of Stenzel’s series, although ex- 
pressed in a broadening of the hinge re- 
gion rather than by curvature of the left 
valve, do not seem to be greatly different 
from those of the Gryphaea series (Fig. 3). 

The living oysters of the complex with 


which we are concerned, however, are es- 
tuarine animals par excellence, whereas 
oysters of the Ostrea (s.s.) stock are less 
tolerant of the extremes encountered in 
estuaries, especially turbidity conditions, 
and are not found as far away from the 
sea as the Gryphaea or “Crassostrea” 
stock. In the estuarine oysters we have 
then a persistent basic stock in one of the 
most permanent of natural environments 
(in the sense of range of factors rather 
than location), and insofar as shell charac- 
ters are concerned there is little apparent 
difference between Mesozoic and modern 
oysters, whatever generic names they may 
bear. Because of this range of variation 
in shell structure, there is little indication 
of progressive change in the stock as a 
whole, which is probably one of Ranson’s 
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Fic. 3. Comparison of growth relationships in Gryphaea and Cubitostrea. 
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reasons for concluding that there has been 
no evolution in oysters since the close of 
the Mesozoic. 

Ranson’s ideas of evolution, as exem- 
plified by oysters, are somewhat poetic. 
His idea is that the fauna as a whole is 
renewed by “mutation” during the transi- 
tion between geological periods while the 
parent species disappear. This process is 
a world-wide one simultaneously induced 
by forces not yet understood, involving 
changes in the molecular nature of pro- 
toplasm rather than changes in the chro- 
mosomes. Such evolutionary processes 
are not observed during the ordinary peri- 
ods, such as our own, when the mutations 
which do occur are infraspecific (Ran- 
son, 1943, pp. 184-200.) This implies ir- 
revocable changes in the make-up of the 
basic oyster stock with each geological 
period (the limits of which are somewhat 
artificially set by geologists) which do 
not agree with our concept of the environ- 
mental tolerances of oyster stocks, and 
Ranson seems to be aware of this when he 
suggests that the recent species are prob- 
ably derived from Cretaceous estuarine 
species. 

It seems much more reasonable to sup- 
pose that we have in oyster stocks, and in 
the estuarine stock in particular, a succes- 
sion of populations in which the genetic 
building blocks may be rearranged in 
various patterns without undergoing irre- 
vocable changes in the protoplasmic struc- 
ture of the entire organism. This mechan- 
ism would account for the succession of 
Gryphaea lines observed in Jurassic beds, 
and the possible persistence of such ge- 
netic combinations (although at much 
lower frequencies) in our own time. A 
few years ago the specimen of the Japa- 
nese oyster illustrated in Figure 4 was 
found in Puget Sound.* This “Gryphaea” 
freak is apparently not a growth form in- 
duced by confinement in a fissure, as it 
has no attachment scars, but a freak in- 


8’ The author is indebted to Dr. Myra Keen 
for calling his attention to this specimen and 
for the photographs. 


duced by a disturbance at a much earlier 
stage of development. It suggests a “phe- 
nocopy” or growth form indistinguishable 
from a genetic expression, and the possi- 
bility that it may actually be a genetic ex- 
pression cannot be dismissed. 

It suggests, contrary to Ranson’s idea, 
that there has not been an irrevocable 
change in the whole stock, but that the 
protoplasmic factors, whether somatic or 
genetic, which induced the Gryphaea 
lines, are still latent in the estuarine stock 
of oysters. If this suggestion is worth 
consideration, the real question is: why 
are such forms so rare at the present time? 
Perhaps they are not as rare as supposed, 
but simply have not been called to the 
attention of conchologists, and we may be 
on the threshold of a new outbreak of 
“Gryphaeas.” If so, Japan would be the 
logical place to look for such trends, since 
it is probable that this specimen was 
transported as a juvenile from Japan as 
are most of the gigas cultured in Ameri- 
can waters. 

A similar case of recurrence in the 
Eocene of an “extinct” form in oysters was 
reported by Packard (1923). In this case 
the form was of the Exogyra type, that is, 
the lower valve was laterally curved. The 
Exogyras also died out in the Cretaceous, 
and seem to be more closely related to the 
Ostrea stock than to the Gryphaea-Cras- 
sostrea complex (see Jourdy, 1924, for a 
monograph on Ezogyra). Packard re- 
ferred his aberrant specimens to Ostrea, 
concluding that ‘“‘oysters retained the tend- 
ency to develop twisted beaks even as 
late as the middle Eocene.” According to 
Owen (1953) the principal difference be- 
tween the form of Gryphaea and Exogyra 
is one of growth axes: in Gryphaea the 
growth of the flat or upper valve is due 
“almost entirely” to the radial component, 
whereas in the concave valve growth is 
the resultant of radial and transverse 
components; in Exogyra growth is modi- 
fied by a tangential component. 

If nothing else, these examples empha- 
size the subjective nature of generic allo- 
cations in oysters, and the names we 
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Fic. 4. Photographs of “Gryphaea” gigas. 


Slightly less than natural size. Stanford Univ. 


-aleo. Type Coll. No. 8111. Courtesy Myra Keen. 


choose to apply to our modern stocks of 
oysters may be more a matter of taste 
(and predisposition) than a reflection of 
the genetic circumstances. To retain the 
name Gryphaea in both of Lamarck’s 
usages. would at least emphasize the es- 
sential continuity of this basic stock, and 
the evidence of such examples as Lingula, 
Latimeria (and its recently discovered rel- 
ative), and Xiphosura indicates that such 
persistence is not impossible. 
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The Significance of 
Asexual Reproduction 


HE phenomenon of asexual reproduc- 

tion has received little attention from 
zoologists or botanists at any time and 
even today it is considered as a process 
of very minor genetic and phylogenetic 
significance. Erroneous as I believe this 
view to be, it has had a fairly “respect- 
able” history. Harvey (1651) is acknowl- 
edged as the author of the aphorism, 
“omne animal ex ovo” (Willis, 1847).1 
Three hundred years ago this was a fair 
guess in regard to the origin of verte- 
brates, but simpler and presumably more 
primitive reproductive processes have 
been known for a long time in Protozoa 
and in several of the phyla of Metazoa. 
In spite of this, many zoologists continue 
to act as though Harvey’s statement were 
true. Thus Garstang (1922) in his critical 
analysis of the relation between ontogeny 
and phylogeny describes in both figure 
and text only such ontogenies as begin 
with zygotes. Carter (1946) in discussing 
the life histories of the invertebrates states 
that “During its life-history every multi- 
cellular animal goes through a series of 
changes from the beginning of develop- 
ment in the activated egg to death, which, 
unless caused by some accident or disease, 
results from senility.” 

These statements, which are obviously 
false or inadequate as generalizations, may 
be due to the inability of their authors to 
see and to understand phenomena which 
are admittedly less common than normal 
sexual reproduction. But their significance 


1 According to Meyer (1936) the correct 
quotation is “Ex ovo omnia.” Actually Har- 
vey appears not to have used the term ovum 
as we now understand it. This is of no con- 
sequence to the present discussion since for 
a century or more naturalists have acted and 
continue to act as though all life does begin 
in the egg stage. 


ALAN BOYDEN 


for zoology should not be judged by the 
relative frequency of their occurrence, as 
we shall attempt to make clear. 

Two of the more interesting works 
which have a bearing on the interpreta- 
tion of asexual reproduction are those of 
T. H. Huxley (1899) and Montgomery 
(1906). The very existence of asexual 
reproduction was denied by Huxley when 
he defined the “individual” as the “total 
product of the development of the im- 
pregnated embryo,” and further stated 
that “morphologically, the swarm of Me- 
dusae thus set free from a Hydrozoan are 
as much organs of the latter, as the multi- 
tudinous pinnules of a Comatula, with 
their genital glands, are organs of the 
Echinoderm. Morphologically, therefore, 
the equivalent of the individual Comatula 
is the Hydrozoic stock and all the Medusae 
which proceed from it.” By this interpre- 
tation Huxley denies individuality to the 
attached hydrozooids and gonozooids of 
a hydroid colony and even to the free- 
swimming medusae derived therefrom, 
and consequently denies the occurrence 
of any kind of reproduction except sexual 
reproduction in this life cycle. This is a 
good illustration of the difficulties that 
follow the improper definition of basic 
biological entities, whether they are things 
or processes. At one blow, so to speak, 
Huxley has denied the existence of a 
primitive reproductive process, and robbed 
himself of any hope of understanding the 
life cycles of the lower phyla of animals 
and the evolution of the more specialized 
sexual processes. 

Montgomery (1906) does not deny the 
existence of asexual reproduction but 
considers it as secondarily acquired in 
Metazoa because of the more general 
occurrence of sexual reproduction. This 
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conclusion astonishes me for it presumes 
that the highly specialized sexual repro- 
ductive processes of Metazoa antedated 
the evolution of the much simpler asexual 
processes. Furthermore it denies the effec- 
tiveness of evolutionary processes them- 
selves, for it is based on the unlikely as- 
sumption that only primitive processes can 
be widespread among existing organisms. 

The understanding of life and evolution 
requires more critical thinking than is 
illustrated by the views and statements 
of Huxley and Montgomery just referred 
to. In such misunderstandings about the 
fundamentals of biology, it is not nearly 
so much a lack of information about re- 
production which is involved as it is the 
failure to give more than a cursory glance 
at the nature of asexual reproduction. It 
is time to re-examine the phenomena of 
all kinds of reproduction, and especially 
to consider the extent of the more primi- 
tive reproductive mechanisms among ani- 
mals, their relation to recapitulation and 
to metagenesis, and their bearing upon 
the interpretation of animal ontogeny and 
phylogeny. 

In order to write intelligibly concerning 
these phenomena one must first clarify 
terms. I propose the following definitions 
which, used in accordance with the speci- 
fications given, should allow us to be cor- 
rectly understood in the account that 
follows. 

Individual. An individual is a complete 
organism which is physically separated 
from all other organisms; or, if a part of 
a colony, it is morphologically distinguish- 
able and physiologically mainly or partly 
independent of the other individuals of 
the colony. 

Adult. The final definitive stage typical 
of the life cycle of a kind of organism in 
which no further development occurs, and 
beyond which life does not continue ex- 
cept by reproduction. 

Reproduction. The process of producing 
new individual offspring. 

Asexual reproduction. Reproduction 
which is not concerned with gamete for- 
mation. 


Serual reproduction. Reproduction 
which does involve gamete formation. 
May be parthenogenetic or bisexual, hence 
may involve either no fertilization or self- 
or cross-fertilization. 

Gamete. A mature germ cell, ovum or 
spermatozoan. 

Ontogeny. The life cycle of an individ- 
ual organism. 

Phylogeny. The presumed succession of 
kinds of ontogenies in a particular line 
of descent. 

Evolution. Descent with hereditary 
variation. 

Metagenesis. A kind of life cycle in 
which there is a regular alternation be- 
tween a generation sexually produced 
and one or more generations asexually 
produced. 

Heterogenesis. A kind of life cycle in 
which a generation produced by sexual 
reproduction with fertilization is followed 
by other generations produced by parthe- 
nogenesis. 

Recapitulation. A kind of correspond- 
ence between one ontogeny and the pre- 
sumed succession of ontogenies which led 
to it. 

Primitive. The presumed ancestral 
condition. 

Advanced. Having departed from the 
presumed ancestral condition. 

Generalized. Having a relatively simple 
and balanced set of characters believed to 
represent the type of the common ancestor. 

Specialized. Having departed from the 
generalized condition by way of gain, 
modification, or loss. 


Distribution and Nature of Asexual 
Reproduction in Animals 


Asexual reproduction has been observed 
in the following principal phyla: Proto- 
zoa,? Porifera, Coelenterata, Platyhelmin- 


2Sexual and asexual phenomena in Pro- 
tozoa, while functionally comparable to the 
corresponding processes of Metazoa, are not 
being considered here because they present a 
variety of features which deserve special con- 
sideration. It is considered unlikely that the 
various modifications of sexual reproduction 
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TABLE I—A COMPARISON OF THE Two CHIEF KINDS OF REPRODUCTION 


KIND OF REPRODUCTION 





CHARACTERISTIC e 7 
COMPARED ASEXUAL SEXUAL 
Simplicity greater less 
Occurrence chiefly in lower phyla in all phyla 
Primitiveness greater less 
yamete formation never always 
Meiosis seldom * usually 
Segregation & independ- seldom * usually 
ent assortment 
Strongly correlated with yes no 
regenerative capacity 
Usually requires favor- yes no 
able conditions for 
growth 


Role in metagenesis 


associated with polymorphism 
and fixation of the colony to 


associated with dispersal and 
production of new colony 


substratum or host 


Role in evolution 
tion; 
unavoidable 


* Where meiosis is associated with sporulation. 


thes, Bryozoa, Annelida, Chordata. Ex- 
cept for the last-named phylum these are 
relatively primitive, or at least contain 
relatively simple species. The distribution 
of asexual reproduction is thus such as 
would be expected of a primitive kind of 
reproductive process, and the wonder is 
not that asexual reproduction occurs in 
so few phyla but that after one or two 
billion years of evolution any primitive 
reproductive process should persist at all! 
Such persistence may be interpreted as 
partly due to the limitations of original 
hereditary endowments, but more likely 
it is due to the inherent advantages of 
the process in the organisms which con- 
tinue to exhibit such reproductive mech- 
anisms. Among these advantages are (1) 
relative simplicity, (2) capacity for colony 
formation and fixation as in hydroids and 
cestodes, (3) association with polymorph- 
ism and metagenesis as in Coelenterata 
(Hydrozoa and Secyphozoa) and in Platy- 
helminthes (Trematoda and Cestoda). The 
strong correlation of asexual reproduction 
with regenerative capacity may also have 
a bearing on the persistence of asexual 





to be found among the Protozoa indicate any 
simple or direct phylogenetic relationship to 
those exhibited by the Metazoa. 


concerned in primitive evolu- 
reproductive 


not concerned in primitive evo- 
lution; reproductive isolation 
secondarily acquired 


isolation 


reproduction, since the high regenerative 
capacity has no doubt been strongly se- 
lected for in these relatively defenceless 
organisms. Asexual reproduction and re- 
generation are fundamentally similar 
processes and have similar physiologic 
requirements. Hence it would be unlikely 
that asexual reproduction could be lost 
and high regenerative capacity retained. 
A notable exception to this interpretation 
is to be found in the Echinodermata, some 
members of which possess a high regener- 
ative capacity together with specialized 
sexual reproductive processes. 

The occurrence of asexual reproduction 
in the lower phyla is not in accord with 
Montgomery’s interpretation that it has 
been secondarily acquired by Metazoa. 
In justice to Montgomery it may be stated 
that the asexual reproduction in Tunicata 
was secondarily acquired and that his in- 
terpretation is correct in this special case. 
However, Berrill (1945) points out that 
bud development in certain Ascidians is 
relatively simple, whereas the egg de- 
velopment is relatively complex. Further- 
more, the development of the organism 
from the bud is essentially similar to that 
of the egg development in its least con- 
densed types such as in Asterias, Balano- 
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glossus, and Amphiorus. It may also be 
that some of the occurrences of asexual 
reproduction in the specialized parasitic 
Platyhelminthes were secondarily ac- 
quired, but these would properly be con- 
sidered as special cases and should not 
be interpreted as denying the relative 
primitiveness of asexual reproduction in 
the generalized types of lower animals. 
Montgomery’s view leads to a most un- 
likely conclusion, namely, that specialized 
reproductive mechanisms antedated sim- 
ple ones in all Metazoa, and removes from 
consideration as evidence regarding the 
nature of primitive evolutionary and re- 
productive mechanisms the most impor- 
tant of all such evidences which still re- 
main. His view might be paraphrased as, 
“In the beginning there was sex.” This 
view has little to commend it and much 
to disavow it. 

Reproduction has been defined as 
“growth beyond the limits of the indi- 
vidual.”” This characterization is very apt 
when applied to asexual reproduction, 
much less appropriate when applied to 
sexual reproduction. For the essence of 
asexual reproduction is growth, and rela- 
tively few instances of asexual reproduc- 
tion are independent of growth processes, 
but much else besides growth is involved 
in gamete formation, which is the essen- 
tial characteristic of sexual reproduction. 
Now, gametes are relatively specialized 
cells, whether only one kind or two kinds 
are formed and required in the process 
of sexual reproduction. And the cycle 
of gametogenesis, wherever it occurs, and 
whether it is immediately associated with 
meiosis or not, is a specialized phenome- 
non. In all probability the typical cycle 
of gametogenesis as it occurs in animals 
is a highly evolved process and may have 
been preceded by a long evolutionary pre- 
history, during which time the simple 
asexual processes were the sole reproduc- 
tive and evolutionary mechanisms (Boy- 
den 1953). If this may be true, it becomes 
exceedingly important to examine all 
cases of asexual reproduction in animals 
for evidences bearing on primitive evolu- 


tion and its results. Such evidences may 
be decisive in regard to the problem of 
the more remote phylogenetic relation- 
ships among animals. 


Asexual Reproduction and Metagenesis 


Some recent writers have strongly criti- 
cized metagenesis and have attempted to 
minimize its importance. T. H. Huxley 
eliminated it by the simple device of deny- 
ing individuality to all asexually produced 
individuals, even the free-swimming me- 
dusae, in the Hydrozoa. But asexual re- 
production has been occurring for about 
two billions of years, or since life began, 
and even a Huxley cannot so readily dis- 
pose of it. It is true that metagenetic 
cycles are varied in regard to the numbers 
and kinds of individuals produced and in 
regard to the numbers of asexual genera- 
tions which intervene between the sexual 
generations. These, however, are matters 
of degree in the phenomena of metagene- 
sis; they do not alter its basic nature. 

Our most readily understood examples 
of metagenesis are to be found among the 
coelenterates, namely, the Hydrozoa and 
Scyphozoa. A generation arising directly 
from zygotes, that is, the sexually pro- 
duced generation, leads through typical 
embryonic stages to a sessile, radially 
symmetrical hydra-like organism. From 
this individual a colony may arise by 
budding processes, and in the case of spe- 
cies of Obelia, the budding produces other 
hydroids and gonozooids; from the latter 
the medusae arise, again by budding. Es- 
sentially comparable stages occur in such 
Scyphozoa as Aurelia, where however the 
asexual process produces immature me- 
dusae only and a strobila is formed in the 
process. Such a strobila may be compared 
directly with a tapeworm colony, for the 
two are fundamentally similar structures. 
Now, it is true that some naturalists in- 
terpret the tapeworm colony—even the 
tetrafossate types—as monozootic or as 
an individual organism (see discussion in 
Wardle and McLeod, 1952). They should 
realize the consequences of this interpre- 
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tation, namely, (1) it denies the occur- 
rence of metagenesis in the life cycle and 
thus eliminates a valid basis for the com- 
parison of Platyhelminthes and Coelen- 
terata, and (2) even more important, it 
denies the existence of the asexual repro- 
duction which occurs during strobilization 
and thus removes from consideration 
crucial evidence of primitive reproductive 
processes. 

There is an apparent greater diversity 
of opinion regarding the interpretation of 
the life cycles of digenetic trematodes. 
These cycles are sometimes considered as 
heterogenetic rather than metagenetic, 
that is, as involving only various kinds of 
sexual reproduction. Evidence to support 
this claim is inconclusive, as Stunkard 
(1940, 1946) has long maintained. Spe- 
cialized as this cycle may be, it is funda- 
mentally a metagenetic cycle involving 
the production of diverse kinds of indi- 
viduals by asexual methods, much the 
same as in Obelia. Thus, if asexual repro- 
duction be represented by the symbol AR, 
the sequence zygote-embryo-miracidium-— 
sporocyst —AR->redia (— AR->redia) — 
AR->cercaria—adult is seen to involve 
asexual reproduction at two places, i.e. 
between sporocyst (and other sporocysts) 
and redia, and between redia (and other 
generations of rediae) and cercaria. 

Perhaps this is the best place to apply 
our definitions of adult and of individual 
to these organisms. Let us begin with the 
Coelenterata, and for example Obelia. The 
zygote develops through characteristic 
stages to the original hydrozooid of the 
colony. This is an adult individual, as are 
all the other hydrozooids which are 
budded from it or from each other. They 
are definitive stages, morphologically dis- 
tinguishable and to some extent physio- 
logically separable, and they do not trans- 
form into anything further. In fact the 
life of the colony would terminate with 
them, were it not for the asexual reproduc- 
tion which takes place. Similarly the gon- 
ozooids are adult individuals which meet 
our specifications for both individuality 
and adulthood, and of course the free- 


swimming medusae are individuals and 
become adult when matured. 

Carrying this interpretation of the life 
cycle over into the Platyhelminthes, we 
describe typical life cycles as follows: 

Fasciola hepatica. The life cycle of the 
common liver fluke of sheep is briefly de- 
scribed, as follows, according to the ac- 
count of Dawes (1946). The zygote de- 
velops under suitable conditions into a 
ciliated miracidium which swims freely 
until it finds a suitable snail host. Pene- 
trating the soft tissues it locates generally 
in the digestive gland and develops into a 
sporocyst. From the tissues of the sporo- 
cyst germinal cells produce the next gen- 
eration, the rediae. The sporocyst has 
reached its own terminal stage and does 
not metamorphose into anything. The re- 
diae constitute a new generation and they 
in turn produce germ cells and germ balls 
which develop usually into the next stage, 
the cercaria. Under some conditions re- 
diae may produce another generation of 
rediae before producing cercariae. Note 
that the rediae are also terminal stages in 
that they undergo no further development 
but reproduce the next generation. 

The cercariae leave the snail, encyst on 
vegetation, and later, if eaten with the 
food of the sheep, develop further into the 
typical adult flukes which become sexu- 
ally mature and reproduce only by sexual 
means. A brief résumé of this cycle dis- 
closes two larval stages (miracidium and 
cercaria) and three adult stages (sporo- 
cyst, redia, and fluke). The cycle can be 
compared with that of Obelia, where the 
planula and the young buds are larval or 
immature stages and the hydrozooids, 
gonozooids, and medusae are the adults. 
The cycle is metagenetic in both cases, in- 
volving one generation sexually repro- 
duced and other generations asexually 
produced in a fairly regular way. 

A tapeworm. The generalized cycle 
which follows is based on the account of 
the life cycles as given by Wardle and 
McLeod (1952). The zygote develops by 
way of the oncosphere into a characteris- 
tic larval stage, a cysticercoid of sac-like 
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structure or a solid procercoid or pleuro- 
cercoid larva. These larvae may bud 
internally or externally, but they also gen- 
erally develop into a further stage charac- 
terized as a scolex, which is a final stage 
and does not metamorphose into anything. 

The scolex buds off proglottids which 
become definitive adults with mature sex 
organs. The life cycle is again metage- 
netic and includes one generation which 
reproduces only sexually, the proglottids, 
and one or more generations which repro- 
duce only asexually, the cercoids of what- 
ever form and the scolex. Of these latter 
the cercoids are larval stages capable of 
further development but the scolex is an 
adult stage which cannot develop but can 
reproduce. 

According to our view the life cycles of 
many Coelenterata and Platyhelminthes 
have areas of essential agreement and 
are consistently interpreted as metage- 
netic. Such interpretation leaves the phe- 
nomenon of asexual reproduction avail- 
able as evidence of primitive evolutionary 
mechanisms and must have a bearing on 
the interpretation of the results of primi- 
tive evolution, that is, on the phylogeny 
of these lower phyla. Let us consider 
next the bearing of these life cycles and 
especially of the asexual processes on 
phylogeny. 


Asexual Reproduction and Phylogeny 


The existence of metagenetic life cycles 
in some Coelenterata and Platyhelminthes 
is important evidence of a fundamentally 
similar type of life cycle and presumably 
means some degree of relationship. We do 
not mean to imply that complex meta- 
genetic cycles are primitive; there is no 
need of such an assumption. But the fun- 
damental similarity of such complex cy- 
cles implies essentially similar genetic na- 
tures, common genetic potentialities, and 
probable genetic relationships. 

In the further interpretation of the met- 
agenetic cycle the problem arises of at- 
tempting to determine which of the stages 
of the cycle are the relatively more primi- 


tive and which the more advanced. The 
probability is definitely that the asexual 
reproductive mechanism is more likely to 
be representative of the primitive condi- 
tion than the sexual mechanism. If this 
is true, then we may say at once that the 
medusae of the Coelenterata and the adult 
flukes and proglottids of the Platyhel- 
minthes are not the more primitive types 
of adults. On the contrary, hydroids, spor- 
ocysts, rediae, and scolices, all relatively 
simple individuals reproducing asexually 
only, are the more primitive kinds of 
adults however specialized they may be in 
relation to their own remote ancestors. 
Taking the Coelenterata into further con- 
sideration it is hardly plausible that the 
medusae which reproduce only sexually 
can be more primitive than the simpler 
hydroids which in most cases reproduce 
asexually. Proper consideration for the 
primitiveness of asexual reproduction 
thus has a definite bearing on the prob- 
lems of the phylogeny of coelenterates and 
denies the theory that the medusae are the 
ancestral type. The interpretation of the 
phylogeny of the parasitic flukes and tape- 
worms is admittedly more difficult because 
the entire cycles are more specialized; 
nevertheless the probability remains that 
the asexually reproducing individuals are 
relatively more representative of the 
primitive ancestor and the sexually re- 
producing individuals farther removed 
therefrom. 

The present interpretation of the life 
cycles of Platyhelminthes as metagenetic 
is in agreement with the recent views of 
Stunkard (1953) who has studied such cy- 
cles with great care. But our characteriza- 
tion of sporocysts and rediae as adult in- 
dividuals is not in agreement with current 
usage and grave doubts will rise in the 
minds of those who are accustomed to 
think of these stages as larvae. Now a 
larva, by definition and common usage, 
is an immature and usually active stage 
in the life cycle of an organism which 
reaches the adult stage by a metamorpho- 
sis. The larva is not normally a terminal 
stage as is the adult. By this criterion 
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neither sporocysts nor rediae are larvae 
because they do not metamorphose into 
anything, but only reproduce. Before this 
interpretation is rejected let us see what 
it accomplishes for us. 

(1) Consistent definitions of both lar- 
vae and adults may now be applied to the 
life cycles of lower organisms such as 
Coelenterata and Platyhelminthes. 

(2) A new importance is given to those 
stages in the life cycle of the Trematoda, 
because they are now properly regarded as 
adults and must be given greater weight 
in the analysis and comparison of such 
cycles. 

(3) Fundamental agreements in the life 
cycles of Coelenterata and Platyhelmin- 
thes, the former mainly free-living and the 
latter mainly parasitic, indicate that there 
is a certain stability and durability to such 
cycles, which thus deserve a more careful 
study and a greater importance in phylo- 
genetic analysis, as Stunkard has sug- 
gested. 

(4) If polyps, gonozooids, sporocysts, 
rediae, and scolices are all adult organ- 
isms, then the asexual method of repro- 
duction which they exhibit becomes itself 
of critical value in the final appraisal of 
their systematic position and phylogeny, 
for this method of reproduction may be 
the most primitive character which these 
organisms still possess. If this is the case 
it is of the greatest importance to give the 
asexual phenomena their just recognition 
in these cycles. It is not necessary to 
affirm that the reproduction of sporocysts 
and rediae by germ cells or germ balls is 
the most primitive form of asexual repro- 
duction. Suffice it to say that any form of 
asexual reproduction goes back farther 
into phylogeny than sexual reproduction 
is likely to have gone. Neither is it neces- 
sary for the argument that the relative 
frequencies of asexual reproduction as 
compared with sexual reproduction in 
such life cycles as occur in the parasitic 
Platyhelminthes have been continuously 
maintained as they now are. The condi- 
tions in the host in regard to food supply 
may and do affect reproductive rates. But 


these are matters of secondary importance 
compared with the main ideas suggested 
for the interpretation of these cycles. 

If the above considerations should not 
be acceptable to zoologists generally and 
parasitologists in particular, let us have 
some facts and reasons as to why they are 
unacceptable. In such a case as this, cur- 
rent usage should not be cited as a valid 
consideration. The moot point is in re- 
gard to the extent of the “secondarily 
acquired” asexual reproduction and the 
evidence for and against this, and the im- 
plications of each view should be exam- 
ined carefully. Recognition of the impor- 
tance of the answer, whichever it may be, 
is the first step toward obtaining it. 


Asexual Reproduction and Recapitulation 


The tremendous literature of recapitula- 
tion is lacking in certain respects even to 
this day, for apparently no one has ever 
thought of a primitive ontogeny as any- 
thing but sexual, which must therefore be- 
gin with an ovum. Thus Garstang (1922) 
in his critical and significant analysis, 
“The Theory of Recapitulation: A Critical 
Restatement of the Biogenetic Law,” re- 
fers in both figure and text only to ontog- 
enies beginning with zygotes. 

My comment is this: if, as in all prob- 
ability, asexual reproduction is more prim- 
itive than sexual, any recapitulation 
worthy of the name should be found in a 
life cycle beginning with asexual repro- 
duction and not with a zygote! The idea 
that an ontogeny beginning with a zygote 
recapitulates representative stages of the 
phylogeny from the beginning is unten- 
able. Rather, the evolution of sexual re- 
production was of relatively late occur- 
rence and may not have appeared until 
half of the duration of animal life on earth 
had passed. To cite a zygote-initiated on- 
togeny as a case of recapitulation of the 
whole range of phylogeny from primitive 
animals to modern forms is a false and 
unacceptable usage. The critical stages 
which preceded the evolution of sexual re- 
production are thus completely missing 
from the zygote-initiated ontogenies. 
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Figure 1 is intended to give a truer pic- 
ture of the necessary relations between 
the ontogeny of an existing organism and 
the succession of ontogenies (the phylog- 
eny) which led to it. Granted that this 
figure is hypothetical (and so is every pre- 
sumed phylogeny ), it is nevertheless prob- 
ably more correct than Garstang’s figure 
or any other which has intended to por- 
tray the recapitulatory relations between 
ontogeny and phylogeny. Our figure 
shows the essential truth in that it clearly 
reveals (1) that neither the fossil record 
nor a zygote-initiated ontogeny can reach 
back to the primitive beginnings of ani- 
mal life, and (2) that an asexually pro- 
duced life cycle is more likely to reach an 
earlier phylogenetic stage than a sexually 
produced life cycle. 

Bearing these points in mind, let us re- 
turn to the Coelenterata. In Obelia the 
life cycle beginning as a bud involves 
simpler ontogenetic processes and pre- 
sumably more primitive ontogenetic and 
phylogenetic processes than the life cycle 
beginning as a fertilized egg. And since 
phylogeny is a succession of ontogenies 
(not a succession of adults as De Beer 
(1951) defines it) the metagenetic cycle 
of Obelia could show a nearer approach 
to its phylogeny than any single ontogeny 
could. For a metagenetic cycle does in- 
volve a succession of ontogenies, as we 
have interpreted it, and thus is obviously 
a nearer approach to phylogeny than any 
single ontogeny. More specifically we find 
evidence of apparent recapitulation in the 
metagenetic cycle of Obelia, which may be 
interpreted as follows: The hydroid form 
is primitive. The primitive reproductive 
mechanism was asexual (budding) and 
for a long time reproduced successive gen- 
erations of polyps. 

Modifications of the character of the 
polyps occurred; some were transformed 
into sexual individuals, and ultimately 
there are separate sexual medusae onto- 
genetically and phylogenetically. There 
may thus be a closer parallelism or “re- 
capitulation” in a metagenetic cycle than 


is possible in any single ontogeny whether 
sexually or asexually produced. 

A word may be added in regard to the 
mechanism of recapitulation and the na- 
ture of the correspondence implied. It is 
assumed that the normal life cycle of 
existing Metazoa is accomplished with- 
out any necessary chromosome or gene 
changes, that is, by mitotic division and 
constant genes. It is assumed also that 
evolution usually involves gene or chro- 
mosome changes in successive genera- 
tions. The embarrassing question then 
arises, How can a cycle which does not 
involve gene or chromosome changes (a 
single ontogeny or all the ontogenies in 
a metagenetic cycle) exactly or even 
roughly parallel a succession of cycles 
which do require gene and chromosome 
changes? Obviously there can be no exact 
equivalence of the two kinds of processes 
or of the mechanisms concerned in them. 
But the subject requires somewhat fur- 
ther analysis. 

All that is required of a true apparent 
case of recapitulation is that a new muta- 
tion be expressed in the new ontogeny 
after the expression of the corresponding 
ancestral characters in the ancestor. Ap- 
parent recapitulation is a matter of char- 
acter expression and does not require that 
the ontogeny repeat the same occurrence 
of the mutation which occurred in the an- 
cestor. The argument that recapitulation 
is impossible (Montgomery) because the 
mutant gene is present in the new ontog- 
eny from the start, is beside the point. 
Granted that there can be no equivalence 
between a single ontogeny and a succes- 
sion of ontogenies with or without phylo- 
genetic change in them, we may still have 
the apparent correspondence referred to 
as recapitulation if the more recent evolu- 
tionary changes are expressed as additions 
to the character expressions of the an- 
cestors. Such simple requirements are, 
however, seldom met. Much more com- 
monly the evolving characters are modi- 
fied or replaced by others. This permits 
relatively little recapitulation to persist. 

The differentiation of characters during 
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Fic. 1. Diagram showing some of the relations between successive ontogenies and their 
presumed phylogeny. Horizontal lines denote individual ontogenies of which representatives 
are shown at intervals of 100 million years. Non-horizontal lines represent lines of descent, or 
the presumed phylogeny associated with these particular ontogenies. A single line of descent 
between successive ontogenies indicates asexual reproduction; a converging double line of 
descent indicates sexual reproduction with cross fertilization. The trend of the lines of descent 
and the ontogenies toward the right and away from the point of origin indicates a relatively 
rapid phase of evolutionary change, followed by a more stable phase, with less rapid evolution, 
after the advent of sexual reproduction. Certain existing and pre-existing organisms reproduce 
by both sexual and asexual means. An alternating succession of such kinds of reproduction is 
shown in the upper half of the figure. The shaded area of the figure is the area unrepresented 
by fossils or by ontogenetic stages of any existing organisms. 

The figure emphasizes the following aspects of ontogeny and phylogeny which have a 
significant bearing on our interpretations of the record: 1. The fossil record can supply no 
more than half of the history of any phylum and that half is the more recent and not the be- 
ginning half. 2. The ontogeny of any existing animal likewise can “recapitulate” no more 
than the latter part of its phylogeny even though beginning in asexual reproduction. A ferti- 
lized egg is really the most specialized cell in any ontogeny, for no other cell is called upon to 
do so much and do it so precisely. The common interpretation of the zygote of an existing 
organism as representing a primitive ancestral condition is entirely wrong. Even the asexual 
ontogeny does not go back to the primitive premitotic condition, though it does go back to the 
presexual stage of phylogeny. 

The relative duration of the various periods in phylogeny are speculative; there is prob- 
ably no direct method of dating these remote parts of the past. 
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an ontogeny is accomplished most com- 
monly through the interactions of the 
same genes, or multiples of the same 
genes, in all cells with different cytoplas- 
mic substrata. The differentiation of char- 
acters occurring in phylogeny does re- 
quire genetic and in most cases nuclear 
changes in successive ontogenies. We raise 
the question again, How can a process 
(ontogeny ) which involves constant genes 
interacting with different cytoplasmic 
substrata parallel a process (phylogeny) 
which involves a succession of different 
genes interacting with sets of different 
cytoplasmic substrata? What is amazing 
is that there is any apparent correspond- 
ence between these sets of phenomena, 
not that we find some inexactnesses be- 
tween them. What can this apparent cor- 
respondence mean? We have no more 
than a suggestion in regard to it and to the 
possible role of the cytoplasm in both on- 
togeny and phylogeny. 

The change in expression from a hy- 
drozooid to a medusa is now accomplished 
in the metagenetic cycle of Obelia so far 
as we know without gene change. Could 
this mean that the phylogenetic change 
through which the medusae were added 
to the life cycles was also accomplished 
without gene change? Current genetic 
views would deny the existence of such an 
evolutionary process. The cytoplasm is 
not at present considered sufficiently au- 
tonomous or independent of the genes to 
admit of such occurrences. On the con- 
trary, we can say that, until the precise 
role of the cytoplasm in ontogenetic char- 
acter expression is more fully understood 
at the level of its biochemical organiza- 
tion, we should not exclude from consider- 
ation the possibility that the cytoplasm 
has been in part responsible for the phy- 
logenetic change from hydroid to medusa, 
as it appears to be responsible for the dif- 
ference between the hydroids and me- 
dusae of living Obelia colonies today. 
There is much to be learned on this sub- 
ject by future biologists, but the problems 
of analyzing the role of the cytoplasm in 


ontogeny and especially in phylogeny are 
exceedingly difficult to study. 


Asexual Reproduction as a Genetic and 
Evolutionary Mechanism 


It is seldom that a textbook of genetics 
or evolution mentions asexual reproduc- 
tion, and currently it seems largely ig- 
nored as a genetic or evolutionary process. 
This preoccupation with sexual phenom- 
ena has led to some misunderstandings. 
Elementary students come to believe that 
chromosomes and genes are not concerned 
in asexual reproduction and also that ge- 
netic changes cannot occur during asexual 
reproduction. Even experienced natural- 
ists have been known to misjudge these 
matters. Thus outstanding cytologists 
have characterized parthenogenesis as 
“asexual,” thus associating it with bud- 
ding and fission, with which it has nothing 
to do. The study of the evolution of sexual 
reproduction from asexual would be hope- 
lessly confused by such an interpretation 
of parthenogenesis. It is essential to get 
this matter properly understood (Boyden, 
1950). 

The current definitions of species by 
Dobzhansky (1937) and Mayr (1942) re- 
quire interbreeding and reproductive iso- 
lation. Of course reproductive isolation 
applies to asexual reproduction but inter- 
breeding does not. As a matter of fact the 
criterion of interbreeding would not apply 
to parthenogenetic or self-fertilizing popu- 
lations either, and such definitions are to 
some degree therefore less “biological” 
and less universal than they seem at first 
glance. 

The current emphasis upon interbreed- 
ing in genetics, evolution, and systematics, 
has led to a most curious result in Dob- 
zhansky’s definition of a Mendelian popu- 
lation, which is stated as follows (Sinnott, 
Dunn, and Dobzhansky, 1950): “A Men- 
delian population is a group of interbreed- 
ing individuals.” This definition would 
exclude the species Mendel worked with, 
namely, the common garden pea, Pisum 
sativum. In justice to Mendel, I would 
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say that a Mendelian population should be 
defined as a population which shows Men- 
delian heredity, which is not only a more 
just, but a more correct and significant 
definition. If a name is needed for an in- 
terbreeding population it should not be 
Mendel’s, for his fundamental discoveries 
were made on normally self-pollinating 
plants and his laws apply to them as well 
as to cross-pollinating plants and animals. 

The principles of heredity are chiefly of 
two kinds: (1) those which deal with 
the distribution of chromosomes and genes 
among gametes and progeny, and (2) 
those which are concerned with the ac- 
tions and interactions of genes with them- 
selves, with the cytoplasm, and with the 
environment. It is only with regard to the 
principles of heredity relating to the dis- 
tribution of genes and chromosomes (seg- 
regation, independent assortment, linkage, 
and crossing over) that the sexual and 
asexual reproductive mechanisms may dif- 
fer. In most cases of asexual reproduction 
these principles do not apply. In most 
cases of sexual reproduction they do ap- 
ply, the rare exceptions being cases of 
diploid parthenogenesis. But all the prin- 
ciples of gene action apply to all reproduc- 
tive processes, and they are as significant 
in the one case as in the other. 

Speaking of gene action’ leads us di- 
rectly to the matter of dominance. Fish- 
er’s theory (1931) of the evolution of dom- 
inance is most applicable to organisms in 
which new combinations of genes are 
readily made. From these combinations 
of principal genes and modifying factors, 
the more desirable expressions would be 
selected for and dominance thus second- 
arily conferred upon the principal gene. 
But it is probable that dominance evolved 
long before sexual reproduction made 
such combinations possible. Thus under 
asexual reproduction in diploid or poly- 
ploid organisms no single gene mutation 
would be expressed unless it were domi- 
nant, or unless the mutation of other 
genes conferred dominance upon it. Ob- 
viously under these conditions dominance 
of favorable mutations would have selec- 


tion value and dominance of unfavorable 
mutations would quickly result in ex- 
tinction. 

Other genetic and evolutionary implica- 
tions of asexual reproduction should also 
be borne in mind—for example, the mat- 
ter of chromosome mutations. A mutation 
from diploid to tetraploid condition would 
be transmitted even by somatic cells and 
tissues by budding or fission. Within a 
few generations, depending upon favora- 
ble growth and mitotic division rates, en- 
tire organisms would be tetraploid. On the 
other hand, the chances of establishing 
such a condition as would provide diploid 
gametes, both male and female, from an 
original diploid ancestry are much lower. 
Furthermore, asexual reproduction is 
much more likely to transmit any kind of 
chromosome mutation, however unbal- 
anced it may be, and thus provide a more 
variable evolutionary mechanism than the 
more advanced and stable mechanism of 
modern sexual reproduction. 

Finally, current evolutionary theory 
strongly emphasizes the role of reproduc- 
tive isolation in the production of new 
species. The common view is that with- 
out some degree of reproductive isolation 
we get no speciation. A species is “that 
stage of evolutionary process at which the 
once actually or potentially interbreeding 
array of forms becomes segregated in two 
or more separable arrays which are phys- 
iologically incapable of interbreeding” 
(Dobzhansky, 1937). Let us realize that 
under conditions of asexual reproduction 
there is the maximum possible reproduc- 
tive isolation throughout, and every or- 
ganism must pass or fail on its own merits. 
A new genotype with advantages over its 
contemporaries would suffer no danger of 
losing its combination of desirable factors 
and would be more faithfully and imme- 
diately reproduced than it could be under 
conditions of sexual reproduction. 

Let us say therefore that asexual repro- 
duction certainly has some genetic and 
evolutionary significance; that further 


study should help us to understand better 
its proper role in primitive evolution and 
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even in present-day genetic processes; 
that some problems of gene action may 
even be advantageously studied in organ- 
isms with metagenetic life cycles, such as 
Obelia, where the interaction of the same 
genes produces such diverse individuals 
as hydroids, gonozooids, and medusae; 
and finally that a careful study of all the 
possible implications of asexual reproduc- 
tion in animals may give us a perspective 
now lacking in evolutionary theory and 
lead to a better understanding of life and 
evolution. 


Summary and Conclusions 


No life phenomenon has been more neg- 
lected by naturalists than asexual repro- 
duction. The consequence has been that 
an important, perhaps the most important, 
kind of evidence bearing upon primitive 
genetic and evolutionary processes has 
been unavailable for critical appraisal. 
A brief review of some aspects of asexual 
reproduction indicates that further study 
of this biological process is much needed; 
however, some tentative conclusions may 
be drawn, as follows: 

1. Asexual reproduction is in many and 
probably in the great majority of cases a 
primitive genetic and evolutionary proc- 
ess, as judged by its relative simplicity 
and its occurrence among existing or- 
ganisms. 

2. The persistence of asexual reproduc- 
tion among animals can best be explained 
by the inherent advantages of the process, 
chief among which are (a) polymorphism 
and (b) fixation to a substratum or host 
as in colonial Coelenterata and Platyhel- 
minthes, and by its high correlation with 
regenerative capacity. 

3. The life cycles of Hydrozoa, Scypho- 
zoa, Trematoda, and Cestoda are most sig- 
nificantly interpreted as fundamentally 
metagenetic. 

4. In any metagenetic cycle the asexu- 
ally reproducing individuals are more 
representative of the ancestral types than 
the individuals which reproduce in a more 


specialized way, namely, by sexual means 
only. 

5. The current views in regard to re- 
capitulation are seriously in error in at 
least one particular: they all assume that 
every ontogeny begins with a fertilized 
egg. In our opinion zygotes were not 
evolved until about half of animal evolu- 
tion had been accomplished by the more 
primitive asexual methods, and therefore 
any ontogeny which is supposed to re- 
capitulate any phylogeny from its begin- 
ning should begin in asexual reproduction. 

6. Metagenetic life cycles which are a 
succession of ontogenies are more nearly 
capable of recapitulating phylogeny 
(which is correctly defined as a succession 
of ontogenies) than any single ontogeny 
can be—even one beginning in asexual re- 
production. However, neither the fossil 
record nor even metagenetic life cycles 
can provide the complete story of primi- 
tive evolution. 

7. Asexual reproduction has definite ge- 
netic and evolutionary implications. All 
principles of gene action apply as much to 
asexual reproduction as to sexual. 

8. Asexual reproduction has a special 
bearing upon the evolution of dominance, 
upon the transmission of chromosome mu- 
tation, and upon the matter of genetic and 
reproductive isolation and its role in spe- 
ciation. 
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The Construction of Keys 


HE making of keys is an important 

function of the systematist, one 
which has not perhaps received the at- 
tention it deserves. Although in certain 
groups of the animal kingdom it is doubt- 
ful if we know even a small fraction of 
the extant species and genera, it seems to 
me that the making of keys to the known 
genera and species would be a great serv- 
ice to systematic zoology. The correla- 
tion of information concerning the various 
families, subfamilies, tribes, subtribes, 
genera, and species which these keys pro- 
vide is one of the most important contri- 
butions which the mature student of a 
group can make. 

Systematic zoology needs many new 
students and I believe that there is no 
better way of encouraging the beginner 
than to make workable keys available for 
his use. When he collects an animal and 
identifies it for himself with a well-organ- 
ized key, he is gratified with his accom- 
plishment and far more likely to remem- 
ber the name than if told it by his teacher. 
Making the necessary observations and 
decisions required in following a key will 
provide a lasting impression of that par- 
ticular organism. 

There is a feeling, however, among 
some systematic zoologists that keys are 
difficult to construct. Perhaps this feeling 
is engendered by certain published keys 
which are exceedingly difficult to follow to 
any satisfactory conclusion. I cannot re- 
frain from quoting at this point a key de- 
vised by the late Charles M. Barr to the 
species of the genus Paradorus (Fig. 1). 
It seems unbelievable, but the couplets in 
this key, while not quoted verbatim, were 
inspired by couplets from a well-known 
monograph. Furthermore I am sure that 
many a zoologist, by searching the litera- 
ture from his particular field, could con- 
coct a key equally ridiculous. I quote this 
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key only because I feel that it will bring 
into sharp relief some of the things that 
a key should not be. Perhaps it will serve 
as well to call our attention to the steps 
involved in making a key and the pre- 
cautions necessary to eliminate as many 
errors as possible. To make a key without 
any errors is almost impossible. But if a 
systematic zoologist will take the time to 
study the specimens in his collection, and 
the literature describing the various mem- 
bers of the group under consideration, the 
making of a fairly satisfactory key is not 
too difficult. Almost certainly, if he will 
organize his material, follow the necessary 
procedure and use a little imagination, he 
can construct a clear and useful key. 

Before we proceed further, let us at- 
tempt to define our field and thus limit 
it. First of all there may be some confu- 
sion between a key and a synopsis. A 
synopsis may be defined for our purposes 
as a condensed, summarized description 
of some taxonomic group. The primary 
function of a synopsis, therefore, should 
be to point out the multiple interrelation- 
ships within the group. Synopses are 
very important for the mature student, 
but are not intended for the use of the 
beginner. They are not intended, on the 
other hand, to replace the keys which are 
necessary for both the beginner and the 
mature student. A key is, as near as pos- 
sible, an infallible guide to the identifica- 
tion of the group of animals under con- 
sideration. It is, if you please, a highway 
map to guide you to your destination. It 
is not a guidebook to the important his- 
torical, commercial, or otherwise note- 
worthy sights along the highway. 

The guiding principles in making a key 
are relatively few. They are clearly un- 
derstood by most systematic zoologists, 
but are, however, not always followed 
with meticulous detail. The key to the 
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THE CONSTRUCTION OF KEYS 39 
A KEY TO THE COLLEGE PARK SPECIES OF THE GENUS PARADOXUS 
CHARLES M. BARR 
a. Imago winged 
b. Imago with elytra obsolete 
c. Wings sometimes wanting 
Ce Wt I FH oss oko ho veka sceewsbuseeceweewaaeeae alba 
CG. TEAM CE WI BOW FOG aia ai kos ccc ecdiccvccsewsinsesnevecvicees niger 
ce. Wings always wanting 
©. FR, Fr ee I Oe ai vaio ane sno in 50 5 55 bo neicwXedaeamasaies rubra 
ee. Wings, if any, would not be other than blue................00cc00. rubra 
var. rubra 
bb. Adults brachypterous; elytra not obsolete except in most specimens 
f. Wings present, frequently wanting; if wanting always green........... gus 
ff. Wings not absent, at times present; if present, always invisible 
g. Posterior foremost 
RK. Dorsal suriece Vermtrally GEOG. ..<ovc ccciceccscssadvcetccceccnsis horus 
Hh. VeRiral SUPTACE GOPERTY CRDONEE... 2... cccncccescsenescnsseccesen fredi 
gg. Anterior aftermost 
i. Venter keeled, starboard femora swollen, causing slight list to port 
j. Vester mot Recied, OF TF 80, Wet TOME << ov6.cccecis cess cccccensosnne upsedaisi 
jj. Venter keeled, port femora enlarged, causing list to starboard...... formunown 
aa. Imago not wingless 
k. Wings not green 
l. Wings green 
m. Elytra triangular, apical end nearest scutellum..............eeeeee% lordhelpus 
mm. Elytra apical, triangular end nearest scutellum 
ee ee ee ee ee angus 
er re ee eT sandi 
ll. Wings not other than green 
i NN cs scare aoe asa cce neavenetane ig suman Wp mer inte alibi nian dewii 
He Se I io ek nino 0 serene b'n ob 55 owes ainda eae enwieneleneat trumanii 
i. We OE SUN. Soi cos wanoees Sew Oise ne eke se eas ear Sema stalinii 
a: ES GE I io bon 6 no seo ees Kop on ek esas) O44 de eae 6 reek eeeein tke nigrus 


Fic. 1. A taxonomist’s nightmare. 


genus Paradorus (Fig. 1) will point up 
most of these guiding principles. The first 
is simplicity; the members of the key 
should be stated in simple, direct, and 
mutually exclusive pairs of couplets. 
Many years ago in discussing this subject 
I said that multiple choice is confusing to 
a white rat in a maze. Confusion is more 
than compounded in a key where the 
student is never sure whether he has to 
choose only between the two members of 
a couplet or whether there are three or 
more choices. I fully realize how difficult 
it is always to make the members of a 
couplet mutually exclusive, but a little 
care in selecting the characters to be op- 
posed and in stating them in plain and 
simple language would be exceedingly 
helpful. 

Another aspect of key-making which 


cannot be over-emphasized is the prepara- 
tion of illustrations, whether they are to 
be published with the key or not. If a sys- 
tematist, while constructing a key, were 
required to illustrate the differences be- 
tween the two members of a couplet, it 
would perhaps do more than anything 
else to make him reasonably sure that he 
had stated them with the utmost clarity. 
And again if the user of the key had cor- 
rect illustrations it would make his path- 
way much easier to follow. There is, un- 
fortunately, in the minds of many the 
feeling that illustrations can be made only 
by an artist. This, of course, is erroneous. 
Anyone who can learn to print labels or 
write script can learn to make illustrations 
for a key if he will take care about pro- 
portion and outline. The preparation of 
illustrations requires painstaking obser- 








40 


SYSTEMATIC ZOOLOGY 





vation and scrupulous attention to detail. 
Preparing their own simple outline draw- 
ings would prevent the authors of keys 
from making many obvious errors. 

For the sake of clarity, the second guid- 
ing principle, the first member of a coup- 
let should be stated in the positive, not 
the negative, and the second member of 
the couplet should be a simple negative 
statement of the characters displayed in 
the first member. The maker of the key 
should not assume that the second mem- 
ber of the couplet is a negative of the 
first member and proceed to add other 
positive characters at this point. 

At the present state of our knowledge it 
is not always possible to construct a key to 
any group in the animal kingdom whether 
family, subfamily, tribe, genus, or species 
which will apply equally to both sexes. 
However, when a key applies only to one 
sex, this fact should be clearly stated in 
the title of the key, not left to the reader’s 
imagination to determine whether he is 
dealing with males or females. Equally 
troublesome are keys which start out with 
male characters, for example, and then in 
the middle of the key shift to female char- 
acters, and perhaps shift back to male 
characters again. If both sexes can be 
keyed, then the keys should either be 
made for both sexes or it should be stated 
clearly that a portion of the key refers to 
males and the remainder to females. For 
the sake of the beginner, it is advisable 
in such cases to state the characters which 
distinguish males from females. 

Keys should be constructed to be used 
backwards as well as forward. There are 
two reasons for this. First, if a mistake is 
made at one couplet it ought to be possible 
to retrace one’s steps and find the point of 
divergence and then attempt to go for- 
ward from there. If unsuccessful in arriv- 
ing at a satisfactory conclusion, it should 
be possible again to retrace one’s steps and 
find any mistake without too much diffi- 
culty. Second, it is also of advantage to 
be able to use a key backwards, assuming, 
for instance, that a specimen belongs to 
the species fuscous or the genus Logicus 


and by tracing backward step by step to 
ascertain the correctness of the assump- 
tion. If the assumption is not correct, the 
first discrepancy between specimen and 
key is easily noted. 

It is perhaps advisable to look at the 
kinds of keys that have been used in the 
past. The first of these which I wish to 
discuss are called keys with couplets in 
juxtaposition (Fig. 2). This is a key in 
which the first member of the couplet is 
printed on one line and the second mem- 
ber is on the line immediately following. 
Such a key is easy to use, especially for 
the beginner, because the two contrasting 
members of the couplet are immediately 
available and the user of the key may 
readily compare the one with the other. 
A confusing feature of other types of keys, 
where the contrasting members of the 
couplet may be on different pages, is that 
the exact differences between the mem- 
bers are frequently forgotten and it is 
necessary to return and reconsider. Keys 
with couplets in juxtaposition are as eco- 
nomical of space as possible, but they have 
two important limitations. They are not 
easy to use in reverse; one may become 
much more involved than in a key where 
the contrasting couplets are on different 
pages. The second limitation is that in 
keys with their couplets in juxtaposition 
it is difficult to comprehend the various 
groups to be considered. It will be noted 
in the example of this type of key (Fig. 2) 
that one half of the page is devoted to il- 
lustrations, the other half to the printed 
couplets. Note also that the figures are 
labelled to correspond to the couplet. 
Thus Fig. 190a means that the illustra- 
tion refers primarily to the couplet 190a. 
This requires ingenuity in making the 
key, but the result is especially valuable 
to beginning students. The success of the 
key to the common families of insects, 
from which this example was taken, is 
sufficient warrant for the time and the 
energy which its preparation required. 

The next kind of key to be considered 
is the so-called indented type (Fig. 3). 
The couplets in this key are indented from 
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144a 
Order Homoptera 
*Retewe below the eyes at alle Of DONE occ nn osc ceccen nce cccwccicescds Family Fulgoride 
Se ep TE: OF RE RCI TE WUE aitininiccmertcncdenccicnmanenaedoeaeseeee 135 
*Hind tibia with two rows of spines --._------..-.- . Family Cicadellide (Also called Jasside) 
“Hind tibia with a circiet of apines at APOE ... nnn ccccwnccdnsccccccosennscs Family Cercopide 
Order Orthoptera 
*Legs fitted for leaping. Tarsi three- or four-segmented ~~------.---------------_- ee 138 
*Legs not fitted for leaping. Tarsi five-segmented ~.....____ ae Bas 137 
Dear oval, Gepuesned (Ac @ figure 116) W.< 5. <8 8 in ceccetenaccccncnunceeoex Family Blattidz 
*Body elongate, not depressed. *Front legs fitted for grasping, the femur and tibia bearing 
REE GIIOE ooo cern irectrenmecnaka asec nsutamiancessaeuanmetenan Family Mantide 


Tarsi four-segmented. Antenne usually longer than body ------------------------------ 
sociedad dl ees tonic geet isan mega Family Tettigoniide (Also called Locustide) 








Te TRI doin oicee ect ee erreceeen ew eaeeeanaae 139 
*Antennz short, usually not over half the length of the body -------_------------------- ee 140 
Antenne long. Ovipositor long. Front wings flat above, bent abruptly down at sides___-_: 
sao sca Soo eases dai gd apa be OS aaah aipalenainaaiapiaai Family Gryllide 
*Fore legs much widened, rake-like, fitted for burrowing --------------.--- Family Gryllotalpide 
Te Tee WG TUR TOE WIS sn htc enceeenessonneous 141 


*Fore wings reduced. Prothorax extending to near the tip of the abdomen --------_---.---.- 


it in sie i laced Mpg Saati telcos eae Family Acrydiidz (Also called Tetrigide) 
*Fore wings not reduced. Prothorax not extending over more than the base of the abdomen 











CO EN I ONLI LEENA PI Family Locustidez (Also called Acrididz) 

Last segment of tarsi without claws (See figure 30b)_..----------- Order THYSANOPTERA 
Lact sexment of tarsal with claws (Gee Fgure 1076) 2c ncccncccncenscunenscennssnesencan 143 
*Wings in part, at least, covered with scales_-........_.--.-..--.... Order LEPIDOPTERA, 144 
Wings not scaled (See figures 170a, 182, 195) -.--------- eons 169 

Order Lepidoptera 
*Antennez thickened or enlarged toward the tip --------- oa 165 
*Antenne of various forms, not thickened toward the tip --------......-.-....-2-2.---- eee 145 
Wings split lengthwise, the borders of the clefts fringed with long hair-like scales _..._--- 

si cei ie es i at Aer do ea ia aie aap allan aalanda aeaialanaicKs Family Pterophoride 
OE GE: BEE SUID esi nccintiencinccnnsacunsaccnaasasaeansaaamanaaee 146 
*Hind wings usually lanceolate in shape, with a long fringe ~-----.------------. Family Tineide 
Hind wings not lanceolate (See figures 150a, 150b, 154a, 1546). Fringe short.........-.... 147 


Fic. 2. An example of a key with couplets in juxtaposition. 
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A KEY TO THE FEMALES OF THE SPECIES OF THE GENUS DERBE FABRICIUS 


A. Color of fore and hind wings yellowish hyaline, the cells more or less clouded with 
fuscous; the veins dark brownish fuscous, distinct. 


B. Anal segment of female small, sunk into the pregenital tergite 
vk ara ace we championi Muir 1918c: 230 (Panama) 


BB. Anal segment of female large, almost as long as genital styles. 
C. Anal segment of female with long processes. 


D. Genital styles of female spinous at apex, the spines turned mesad 
Mini uM ee en bergrothi Muir 1923h: 67 (Brazil) 


ee 


ee 


DD. Genital styles of female not spinous at apex. 
E. Subgenital plate truncate apically; tegmina yellowish with a few fuscous 


EN ois oc ace eae de avemae an aieaae 


graien ee acon fowleri Muir 1918c: 230 (Guatemala) 


EE. Subgenital plate of female not truncate. 
F. Subgenital plate of female angulate apically; tegmina yellowish, heavily 


clouded with fuscous......... 


nip oleate meal ata buscki Metcalf 1938a: 308 (Panama) 


FF. Subgenital plate of female produced into an elongate slender acute tooth 


ee ee ee 


een currani Metcalf 1938a: 309 (Canal Zone) 


CC. Anal segment with a shallow v-shaped notch posteriorly. Pregenital plate small, 


GOD TE Gs cb cick eccnccenseucess 


westwoodi Fowler 1900g: 71 (Central America) 


AA. Color of fore and hind wings dark fuscous; venation almost concolorous, distinctly 


I, WOT BI ode Caccccctastsacanse 


acca ater muiri Metcalf 1938a: 307 (Canal Zone) 


Fic. 3. An example of a key with indented couplets. 


the left-hand margin of the page, in such 
a way as to show their importance. Thus 
the two or more members of the primary 
couplets are near the left-hand margin, 
the secondary couplet is indented four or 
five spaces, the tertiary, an equal number 
of spaces beyond the secondary, and so 
on to the end of the key. In this key the 
groups are conspicuous, and it is easy to 
use in reverse. A long key is uneconomi- 
cal of space, as frequently a whole page 
may not have over a third of the space 
occupied by printing. It is difficult to set 
up, and it is difficult to use, especially 
where there are more than two couplets 
and where the members of the couplets 
occupy different pages. This method of 
display is perhaps best suited to synop- 
ses, for the groups are conspicuously set 
out. Many of the older “keys” of this type 
are really synopses and not keys as de- 
fined above. 

In keys of what might be called the 
“grouped” type (Fig. 4) the first member 
of the primary couplet is set up, and the 
secondary, tertiary, and subsequent coup- 
lets are arranged beneath it and labeled 
2, 3, 4, to the end of the group which is 
included under the first member of the 
primary couplet. The second member of 


the primary couplet is then labeled 12, 
for example, and the secondary, tertiary, 
and subsequent couplets are numbered in 
sequence under it. The first primary 
couplet is then labeled 1 with a 12 in pa- 
rentheses to indicate the location of the 
second member of the couplet, the first 
secondary is labeled 2 with a 3 in paren- 
theses, and the tertiary couplet is labeled 
3 with a 4 in parentheses. Many other 
schemes of numbering the couplets may 
be used. 

Such a key has the advantage that the 
groups are conspicuous, it is economical 
of space as the entire printed page is used, 
and it is fairly easy to use in reverse. Its 
conspicuous difficulty is the fact that the 
members of the couplet are often too far 
separated on the printed page to be easy 
to use, and yet if one pays close attention 
to the numbers of the opposite members 
of the couplet this leads to no serious diffi- 
culty. In keys of this kind which I have 
examined it seems to be easy to confuse 
the numbers used to designate the coup- 
lets and anyone using this type of key 
should be cautious about this. 

The last kind of key is what I have 
called the combination key (Fig. 5). Here 
the good points of the indented type and 
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A KEY TO THE FEMALES OF THE SPECIES OF THE GENUS DERBE FABRICIUS 


1 (12) Color of fore and hind wings yellowish hyaline, the cells more or less clouded 
with fuscous; the veins dark brownish fuscous, distinct. 


2 (3) Anal segment of female small, sunk into the pregenital tergite 
cena championi Muir 1918¢c: 230 (Panama) 


ee ee ey 


ene pt meee bergrothi Muir 1923h: 67 (Brazil) 


(8) Subgenital plate truncate apically; tegmina yellowish with a few fuscous clouds 
En ee EL 8 fowleri Muir 1918c: 230 (Guatemala) 


3 (4) Anal segment of female large, almost as long as genital styles. 

4 (11) Anal segment of female with long processes. 

5 (6) Genital styles of female spinous at apex, the spines turned mesad 
6 (7) Genital styles of female not spinous at apex. 

7 

8 (9) Subgenital ‘plate of female not truncate. 

9 


(10) Subgenital plate of female angulate apically; tegmina yellowish, heavily clouded 
Te PIE ks. 6 oss kiwoKseaeervnnw sie 
10 Subgenital plate produced into an elongate, slender, acute tooth 


PareEteeaed buscki Metcalf 1938a: 308 (Panama) 


nome ae currani Metcalf 1938a: 309 (Canal Zone) 


11 Anal segment with a shallow v-shaped notch posteriorly. Pregenital plate small, 
I A I io ono ha edo ghee s eels westwoodi Fowler 1900g: 71 (Central America) 
12 Color of fore and hind wings dark fuscous; venation almost concolorous, dis- 


tinctly bordered by paler............ 


Ree Ae: muiri Metcalf 1938a: 307 (Canal Zone) 


Fic. 4. An example of a key with grouped couplets. 


those of either the key with couplets in 
juxtaposition or of the “group” type key 
are combined. If the combination key is 
long, the primary, secondary, and tertiary 
couplets would be set up as in the indented 
type, thus couplets A and AA would be 
set up near the left-hand margin. Under 
A would be arranged, properly indented, 
couplets B and BB. Under B, if necessary, 
couplets C and CC, and so on for the other 
primary, secondary, and tertiary couplets. 


Under C and CC, the couplets could be 
either in juxtaposition or grouped. This 
key has the advantage of making the 
primary, secondary, and tertiary groups 
conspicuous. If the couplets beyond those 
of tertiary rank are arranged in juxtaposi- 
tion, it brings these minor differences 
close together so that they may be readily 
compared. Such a key has, of course, some 
of the difficulties and limitations of the 
indented key and also of the key with the 


A KEY TO THE FEMALES OF THE SPECIES OF THE GENUS DERBE FaprIcIus 


A. Color of fore and hind wings yellowish hyaline, the cells more or less clouded with 
fuscous; the veins dark brownish fuscous, distinct. 


B. Anal segment of female small, sunk into the pregenital tergite 
a eta raratte championi Muir 1918c: 230 (Panama) 


BB. Anal segment of female large, almost as long as genital styles. 


1. Anel segment of female WHR IOME PROCEEDED. «0.600 cccecccerccedccasveussarcevas 2 
1. Anal segment with a shallow v-shaped notch posteriorly. Pregenital plate small, 
ee ee eee ee westwoodi Fowler 1900g: 71 (Central America) 


2. Genital styles of female spinous at apex, the spines turned mesad 


on 


> 


WINE SI soi ioc io teen ws scence eens 
4. Subgenital plate of female produced into an elongate, slender acute tooth 
tagcat currani Metcalf 1938a: 309 (Canal Zone) 


ieaia SOR angen Muir 1923h: 67 (Brazil) 
Genital styles of female not Spimous Ot ODER... ..o..6 6 cK cr cise ccssaciscesviconeance 3 


Subgenital plate truncate apically; tegmina wuilenetiath. with a few fuscous clouds 


si ahah evaceey wid fowleri Muir 1918c: 230 (Guatemala) 
Seeonsial mente Gl COs ROE GUCIRR eo. o.6 oie vec cescncsesccacsnevausesacan 4 


Subgenital plate of female angulate apically; tegmina yellowish, heavily clouded 
sina buscki Metcalf 1938a: 308 (Panama) 


AA. Color of fore and hind wings dark fuscous; venation almost concolorous, distinctly 


DO BF BUI a i. 0 vv.d ic 8 dnKceexedceens 


paladin muiri Metcalf 1938a: 307 (Canal Zone) 
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couplets in juxtaposition. On the whole, 
however, I believe that it is a desirable 
method, especially when large numbers of 
organisms of various kinds are to be in- 
cluded. 

To aid me in the preparation of keys, 
I keep all notes on families, subfamilies, 
tribes, subtribes, genera, and species, on 
5” x 8” cards, and make drawings on sheets 
of the same size. I make my keys on cards 
of similar size (Fig. 6), so that they can 
be filed under the appropriate taxonomic 
group. 

When preparing a key I attempt to dis- 
cover the most conspicuous character 
which will subdivide the group under con- 
sideration. This pair of characters then be- 
comes the primary couplet and they are 
written on cards numbered “1.” and “2.” 
I then list on each card all species which 
belong under that member of the coup- 
let. This process is then repeated on each 
subgrouping. When, as with 1.1 in the 
example (Fig. 6), the couplet leads to a 
single species, that species is listed with 
its bibliographic citation and its geo- 
graphic distribution. When, as with coup- 
let 1.2, a number of species are involved, 
these species are listed, and characters 
which seem to separate them into groups 
are then checked off as — or +. The most 
conspicuous characters are selected for 
the next pair of couplets and the process 


is continued until all of the species in the 
genus are isolated. For convenience, these 
cards are then arranged with light and 
dark colored signals—the light being used 
to indicate positive and the dark negative 
characters. The signals for the primary 
couplets are placed as near the left mar- 
gin as possible, and the signals for the 
secondary couplet are placed one-half 
inch from the margin, and so on. Ina long 
key it is easy to locate the signals by ob- 
serving the numbering system used, thus 
the signal for couplet 1.12-11-21-2 would 
be three and one-half inches from the 
margin. This is one of the easiest types of 
keys to use. It is unfortunate that keys 
cannot be published in this form. How- 
ever, it is easy to translate it into a pub- 
lishable form. A few simple directions to 
the copyist are all that is necessary. Ad- 
vantages of the card system are the ease 
of the use of the key, and the ease with 
which corrections can be made, because 
any single pair of couplets can be elimi- 
nated without disturbing the general 
structure of the key. 
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No. 475 of the Journal Series. 
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EVOLUTION AND GEOGRAPHY. By 
George Gaylord Simpson. Condon Lec- 
tures. Oregon State System of Higher 
Education, Eugene, Oregon, 1953. 64 
pp., 30 figs. $1.00. (Paper bound.) 


UCH of the endeavor of systematic 
zoology is directed toward answer- 
ing the question of “What lives where?” 
as a step toward attempting an answer 
to the even more intriguing question, 
“Why?” Perspicacity will usually reward 
the student of almost any group with a 
reasonable approximation to the distribu- 
tion of its members, but anything like an 
adequate explanation of the events which 
led to this pattern of distribution is fre- 
quently denied for want of discoverable 
evidence. Mammals are the one group 
which can provide relatively satisfactory 
data about their past distribution. Sys- 
tematic zoology waits upon the study of 
fossil mammals to furnish evidence about 
events during their geological era which 
would also have influenced the distribu- 
tion of the other animals living with them. 
We are in Dr. Simpson’s debt for this 
“Essay on Historical Biogeography with 
Special Reference to Mammals,” as this 
64-page discussion is subtitled. It is a 
development of two lectures which the 
author gave at three Oregon universities 
in January 1953 as Condon Lecturer. The 
purpose of the Condon Lectures is “to 
interpret the results of significant scien- 
tific research to the nonspecialist.” This 
succinct yet easily read essay draws upon, 
and draws together, the contents of a 
round dozen of the author’s previous pa- 
pers and books. 

It is a common hope that analysis of 
present faunal relationships will yield 
information about the history of various 
faunal elements. The incongruity and im- 


plausibility of some of the results of this 
procedure have caused many to temper 
their hope with skepticism. The Recent 
North American fauna of land mammals 
provides a unique opportunity to compare 
the history as inferred from the most sat- 
isfactory known fossil record with that 
which can be inferred from an analysis of 
present faunal similarities. Forty-three 
per cent of the genera of this fauna are 
now endemic to this continent, 37 per cent 
are held in common with Asia, 30 per cent 
with Europe, 4 per cent with Africa, and 
23 per cent with South America. Analysis 
of the fossil sequence indicates, however, 
that probably 62 per cent of the genera 
arose in North America (the autoch- 
thons), 15 per cent originated in Eurasia, 
and for another 19 per cent it is impos- 
sible at present to differentiate between 
North America and Eurasia as place of 
origin. The remaining 4 per cent of the 
genera arose in South America. Endemics 
need not be autochthonous, and autoch- 
thons often do not remain endemic. The 
Camelidae, for example, autochthonous to 
the Nearctic, are no longer found there, 
being restricted now to the Palaearctic 
and Neotropical Regions. 

In considering the sources of the terres- 
trial mammals of this continent, Simpson 
states: “. . . the evidence that any mam- 
mals, at least, came directly from Europe 
is poor and there is some probability that 
North American faunal interchanges have 
involved only South America and Asia 
(or Eurasia through Asia).” Many stu- 
dents of other terrestrial animals and of 
the freshwater fauna will readily agree 
that our fauna is related primarily to 
those of Asia and South America. It is 


little wonder that attempts to fit North 
American species into the classificatory 
schemes developed from a study of the 
European fauna have created in the sys- 
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tematics of many groups a state of con- 
fusion from which we are only beginning 
to emerge. It is to be expected that the 
marine faunas of the American and Euro- 
pean shores of the Atlantic Ocean will be 
far more similar than the terrestrial and 
freshwater faunas of the two continents. 
However, a safe working rule here might 
also be that identity between elements of 
the fauna should be proved, not assumed. 

According to the degree of similarity 
between the faunas of two regions it is 
inferred that between them there has been 
a corridor, filter bridge, sweepstakes route, 
or barrier, to use the terms which Simp- 
son has introduced in earlier studies. At 
present a corridor connects Europe and 
China. (This “Eurasian Superhighway” 
is charmingly depicted as the cover illus- 
tration.) Although Europe and Asia have 
not always (in the Cenozoic) been con- 
nected by a corridor, which allows inter- 
change of a notable fraction of the fauna, 
the evidence is strong to indicate that 
Europe, Africa, Asia, and North America 
have been joined during much of the Cen- 
ozoic by major, if variable, filter bridges 
and corridors. Similarly have North and 
South America been connected. Aus- 
tralia’s only Cenozoic faunal accretions 
entered via a sweepstakes route from 


Asia. The association which has developed 
from these chance introductions into Aus- 
tralia at infrequent intervals provides an 
excellent example of the stratification 
which characterizes every fauna. The fil- 
ter bridges joining North America with 
Asia on one side and South America on 
the other afford opportunities to examine 
the faunal imbalance which might be ex- 
pected as a consequence of a major faunal 
interchange. The long-continued presence 
of a barrier between two continents per- 
mits different stocks to fill similar eco- 
logical niches. The resultant convergences 
and parallelisms have caused considerable 
confusion in biogeography because they 
have been taken as evidence of close rela- 
tionship. For their sake have many long 
land bridges been thrown across deep 
oceans. 

This small, inexpensive, paper-covered 
book is highly recommended to all system- 
atists with an interest in biogeography 
who have not had the opportunity other- 
wise to follow Dr. Simpson’s numerous 
contributions to and evaluations of the 
paleogeography of the mammals. The Ore- 
gon State System of Higher Education is 
to be commended for the attractive for- 
mat, which is as pleasing aesthetically as 
the content is a pleasure to the intellect. 
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People and Projects 





Bound copies of the Copenhagen De- 
cisions on Zoological Nomenclature, com- 
prising the additions to, and modifications 
of, the Régles Internationales de la No- 
menclature Zoologique approved and 
adopted by the Fourteenth International 
Congress of Zoology, Copenhagen, August 
1953, are available from: 

International Trust for Zoological 
Nomenclature 
41 Queen’s Gate 
London, S.W. 7, England 
This 135-page work is priced at 90 cents 


postpaid. Mr. Hemming, editor, is to be 
commended for the promptness with 
which this report was published, its 


thoroughness and, not least, its reasonable 
price, which should place it within the 
reach of every zoologist. 


A new edition of Ward and Whipple’s 
Freshwater Biology is being prepared 
under the editorship of W. T. Edmondson 
and will be published by John Wiley & 
Sons. Members of the Society of System- 
atic Zoology who are contributing ma- 
terial are A. H. Banner, J. L. Brooks, 
R. B. Bruson, F. A. Chace, Jr., B. G. Chit- 
wood, W. J. Clench, W. T. Edmondson, 
G. F. Edmunds, C. J. Goodnight, A. B. 
Gurney, H. H. Hobbs, Jr., L. Hubricht, 
H. B. Hungerford, Libbie H. Hyman, M. T. 
James, Minna E. Jewell, E. R. Jones, H. B. 
Leech, J. G. Mackin, E. Marcus, N. T. Mat- 
tox, J. P. Moore, I. M. Newell, L. E. 
Noland, W. E. Ricker, H. H. Ross, M. W. 
Sanderson, W. L. Tressler, Mildred S. 
Wilson, H. C. Yeatman. Dr. Moore also 
contributed to the first edition, published 
in 1918. Many of the manuscripts have 
been completed, and most of the others 
are nearing completion, but it is as yet too 
early to estimate a publication date. 


The Natural History Museum of Stan- 
ford University has recently completed 


the installation of over 9000 square feet of 
new steel shelving to accommodate its 
research collection of fishes. This will 
nearly triple the space hitherto available 
in the museum for storage of the Stanford 
fish collection, which now numbers over 
750,000 specimens. It will also clear space 
in the basement for expansion of storage 
facilities for reptiles and amphibians as 
well as for laboratories. An electric lift, 
extending from the museum basement up 
through two decks of the fish room to the 
Dudley Herbarium, is also being installed. 
Funds for the work were raised princi- 
pally by a group of Professor G. S. Myers’ 
recent graduate students in ichthyology 
and herpetology, led by Dr. G. W. Mead 
and Dr. J. C. Briggs. About one quarter 
of the funds came from a bequest for 
ichthyology from Mrs. David Starr Jordan. 
Other curatorial accomplishments in the 
museum also deserve mention. Mr. J. 
Boéhlke has completed a catalogue of the 
very numerous type specimens of Recent 
fishes in the Stanford collection. This has 
been published as volume 5 of the Stan- 
ford Ichthyological Bulletin (July 1953; 
168 pp.). A list of the relatively few types 
of reptiles and amphibians at Stanford 
was recently published in Herpetologica 
by A. E. Leviton. Dr. W. V. Mayer con- 
tributed a similar list of mammal types, 
which was published in Proceedings of 
the California Zoological Club in 1949. 


The Marine Laboratory of the Univer- 
sity of Miami at Coral Gables, Florida, will 
offer two courses in the marine sciences in 
the summer session, June 14 to July 24, 
1954: Introduction to Marine Biology and 
Introduction to Oceanography. Detailed 
information may be obtained from the 
Marine Laboratory or the Director of the 
Summer Sessions, Box 488, University of 
Miami, Coral Gables 46, Florida. 
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SYSTEMATIC ZOOLOGY is published quarterly by the Society of 
Systematic Zoology. Its purpose is threefold: To publish, and there- 
fore to encourage the preparation of, contributions on basic aspects 
of all fields of systematics, principles and problems; to provide a 
suitable forum for discussion of the problems of the systematist 
and his methods; and to report as news the other activities of the 
Society of Systematic Zoology. 
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ciples and the applications of principles of wide implication and 
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anatomy, zoogeography, paleontology, taxonomy, classification, evo- 
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meetings, and anything else of interest to systematists. 
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ings and diagrams to illustrate their articles. Half-tones may be ac- 
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